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EFFECTS OF USING HYBRID CARP TO CONTROL AQUATIC VEGETATION
Annual Report
Federal Aid Project F-37-R3
EXECUTIVE SUMMARY
INTRODUCTION
Work during Segment 3 (April 1982-March 1983) has focused on three
important questions relating to the feasibility of using hybrid
carp as biological control agents:
(1) can the hybrids control aquatic vegetation?
(2) what is their reproductive potential?
(3) what is their probable impact on other ecosystem components?
In addition to addressing these issues, we have continued our
assessments of the relative performance and genetic composition of
the various year classes of the hybrid available from Malone and
Son Enterprises, Inc., the sole supplier of these fish in the
midwestern region. Since the implementation of a new spawning
procedure in 1981 resulted in the production of the so-called
"super-triploid" hybrids, particular attention has been paid this
segment to the growth and mortality of 1981 hybrids relative to the
1980 stock.
The format of this report is similar to that of the last segment.
Detailed descriptions of our research results are presented in a
series of appended chapters. In the Executive Summary we will
provide brief highlights of this year's results, a discussion of
their implications, and an index to the chapters organized by study
and job title.
SUMMARY OF 1982-1983 RESEARCH RESULTS
Genetic Composition and Relative Field Performance
Samples of hybrids produced at Malone and Son Enterprises, Inc.
during 1982 were procured and analyzed electrophorectically to
determine ploidy (Chapter 1). Of 100 fish examined in the fall of
1982, 98% were determined to be triploid and 2% diploid (Table 1).
Despite the high percentage of triploid hybrids found in these
analyses, some concern about the quality of the 1982 year-class has
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been expressed by the producer (J. Malone, personal communication)
because of the detection of anueploid and/or mosaic individuals in
some samples of this year-class taken by other workers (Wattendorf,
personal communication). As a result, a detailed joint investigation
of possible genetic peculiarities in the 1982 hybrids is currently
being initiated (Chapter 1).
During this segment the field performance of the 1981 hybrids (the
so-called "super-triploids") was not significantly different from
that of the triploids produced the previous year (Chapter 5). Second
year growth and post-stocking mortality have differed little between
hybrids of various year class or ploidy (Fig. 1). In all cases
hybrids grew more slowly than true grass carp of similar size. The
slower growth rates of the hybrid appear to be the result of lower
daily consumption (Chapter 2).
An analysis of gut morphology in the hybrids suggests that reduced
feeding is the result of a smaller gut capacity. Hybrids of both
year classes (1980 and 1981) had significantly shorter relative gut
lengths and diameters than did comparable grass carp. However,
little difference was found between the two year classes of hybrids
(Chapter 3).
Differences in growth of 1980 hybrids related to ploidy were
apparent during their third growing season (Chapter 5). Diploid
hybrids grew more slowly than triploids, and their average daily
growth actually declined relative to their growth the previous
summer. These results suggest that there may be no important
differences between triploid hybrids produced using different
spawning procedures, but that diploid hybrids are likely to be
inferior to triploids in terms of their usefulness as biological
control agents.
Reproductive Potential
The oldest hybrids held in Illinois Natural History Survey ponds
were produced in 1979 and entered their fourth growing season
during this segment. A small sample of these fish along with
samples of grass carp and bighead carp were examined in June 1982
for gonadal development (Chapter 4). A subsample of each species
and the hybrid was treated with gonadotropin (HCG) in an attempt to
further stimulate reproductive tissues. The results of this
preliminary analysis are presented in Table 2. Reproductive tissues
were well developed in both the bighead and grass carps. However,
in the gonads of the hybrids were poorly developed, so much so that
the sex of the fish could not be distinguished.
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While only preliminary, these results are encouraging in that they
are consistent with the hypothesis that the triploid will be
sterile. Similar analyses of larger fishes over the next several
years will be necessary to definitively demonstrate their sterility.
Potential Usefulness as a Control A ent
Work completed this segment clearly indicates that the hybrid is
herbivorous and, as such, is a viable biological control agent.
Although growth and feeding rates are lower than those of the grass
carp, hybrids stocked at sufficient densities are undoubtedly
capable of controlling populations of aquatic macrophytes.
Hybrids, stocked in an experimental pond at the Utterback
complex in May 1981, have by the end of each summer reduced
macrophyte standing crops to successively lower levels (Fig. 2). In
single season stocking experiments last year, reductions of plant
standing crops during the season were quite obvious (Chapter 6).
Concurrent studies of shoot production suggested that weight-
specific non-senescent mortality rates of macrophytes were
approximately four times higher for the main cohorts of both
Potamogeton crispus and Najas flexilis in ponds stocked with the
hybrid carp than in an adjacent control pond (Figs. 3a and 3b).
Laboratory studies (Chapter 2) indicate that the hybrids consume up
to 45% of their body weight per day in fresh plant biomass.
Average consumption rates varied both with temperature (Fig. 4) and
species of plant (Table 3).
These results all suggest that the hybrid can be used to control
some species of nuisance aquatic vegetation. Because the hybrid
feeds and grows more slowly than the grass carp, controlling
vegetation with hybrids may cost 3-4 times as much as with grass
carp under the same conditions (assuming equal cost per fish; see
Table 4). Nevertheless, biological control with the hybrids is
still 2-6 times less expensive than equivalent chemical control.
Thus, there would appear to be a strong economic incentive for the
public to use the hybrid as long as the grass carp remains
relatively unavailable.
The stocking rates required to achieve control of macrophyte
populations obviously will vary with hybrid size and age, plant
species, plant productivity, and water temperature. Our approach to
generating recommended stocking rates has been to construct
simulation models based on laboratory feeding studies and field
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estimates of macrophyte productivity. These models are then used to
predict the control afforded by various stocking regimes. While
much of this model development is still underway, considerable
progress has been made during this past segment. Preliminary models
of our experimental ponds have already been useful in comparative
cost analyses (Table 4) and in highlighting some of the
peculiarities of biological versus chemical control. One key
difference between chemical control and the use of herbivorous
fishes is that the maximum control potential of biological agents is
delayed several years whereas chemical controls act quickly. The
potential control capability of a given stocking increases annually
(Fig 5.) reaching a maximum only 4-5 years after the fish are
introduced. As a result, the perspective required in using
herbivorous fishes must be much more "long-term" than is usual in
chemical control efforts. Stocking rates which are optimal over a
8-10 year time span may produce negligible results the first year.
Likewise, the economic advantage of biological control becomes
apparent only after several years since the total cost of the
control is absorbed the first year; the break-even period may be
2-5 years, depending upon which chemical control is being considered
as an alternative.
Environmental Impact of Hybrids
The most severe impact associated with the use of either the hybrid
or the grass carp is, of course, the reduction of macrophyte
populations. Such reductions will have certain unavoidable indirect
effects on the trophic structure of ponds and reservior fish
populations, and these should be given careful consideration before
specific control measures are undertaken. The loss of macrophyte
populations will reduce invertebrate tissue production substantially
and result in lowered production of fishes dependent on
macroinvertebrate prey. Extreme reductions in macrophyte
populations can be detrimental to the productivity of bass and other
piscivores (Wiley et al. 1983). The elimination of macrophytes also
shifts the production base of shallow lentic systems towards the
plankton; increased turbidity and frequency of algal blooms may
result.
There appear to be few other serious impacts directly attributable
to the introduction of hybrids (Chapters 7, 8, 9, 10, and 11).
Earlier concerns about the possible disruption of spawning (Gorden
et al. 1982) now seem unwarranted, although the effects of stocking
at very high densities are still under evaluation.
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One important effect of the hybrids which will receive further
attention is the addition of large amounts of fine particulate
organic matter (FPOM) to pond systems via fecal deposition.
Changes in sedimentation regimes related to the high output of
hybrid feces may affect the benthic fauna by changing the nature of
the bottom sediments. In preliminary studies last year, hybrids
were estimated to have increased fine particle sedimentation from
the water column by 67% in a pond stocked at 80 kg/ha (Chapter 12).
This value does not necessarily represent an increase in total
sedimentation since macrophytes undergo mortality in the absence of
herbivorous fish and add coarse particulate organic matter (CPOM)
to the bottom as plant beds collapse. It does suggest, however,
that the ratio of fine to coarse particle sedimentation may be
substantially increased by the hybrids (or other herbivorous fishes)
and may alter, to some extent, the nature of the sedimentary floral
and faunal communities.
Data on benthic invertebrates and microbial populations do in fact
show some indication of an alteration in community structure related
to the presence of the hybrids (Chapters 9 and 11). In Pond 1,
which has had hybrids since 1981, benthic populations in the
sediment have declined significantly each year. A similar reduction
in sediment standing crops was observed in Pond 10, which was
heavily stocked with hybrids for the first time in 1982. A relative
increase in sedimentary bacterial populations was also observed in
Pond 10. More detailed analyses of these data are still in
progress.
Stocking densities employed in experimental ponds to date have
always been relatively low (<100 kg/ha). In the final year of the
study at least three ponds will be stocked at densities at or above
200 kg/ha; these high density experiments should provide an
opportunity to assess the maximum impact hybrids (or grass carp)
can have on sedimentary communities and other ecosystem components.
LITERATURE CITED
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Table 1. Ploidy results for the various year classes of Fl
hybrid carp produced at Malone and Son Enterprises.
Percentage Ploidy
Spawn Sampling Number 3NF1 2NFI 2N GYN
1979 Hatchery selected -fall 1979 100 100
1980 Randomly selected-fall 1980 53 45.3 54.7 --
Hatchery selected-fall 1980 65 6.2 93.8 --
Hatchery selected-spring 1981 25 96.0 4.0 --
1981 Randomly selected-fall 1981 80 100 -- --
Hatchery selected-fall 1981 5 -- - 100
1982 Randomly selected-fall 1982 100 98.0 2.0 --
*Fish were selected as tentative gynogenetic fish by hatchery personnel.
Table 2. Total length (mm), sex, type of treatment (injected
with human chorionic gonadatropin at rate of 1 ml per pound, or a
control receiving no treatment), and gonad development of bighead,
grass, and hybrid carp during June 1982. All carp were 3+ years old
(1979 year class).
Total Type of Gonad
Fish length (mm) Sex treatment Development
Bighead carp
1 360 Female Control oocytes present
2 330 Female Injected oocytes present
3 480 Female Control oocytes present
4 530 Male Control no sperm present
Grass carp
3 310 Male Control no sperm present
5 310 Male Injected no sperm present
6 430 Male Control no sperm present
7 420 Female Injected oocytes present
Hybrid carp
3 350 Undetermined Control no development
4 400 Undetermined Injected no development
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Table 3. Relative consumption rate of
species at 20 0C.
hybrid carp by plant
Plant species % body weight/day
Potamogeton crispus 18
Potamogeton pectinatus 23
Myriophyllum sp. 11
Cabomba caroliniana <3
Table 4. Cost comparison of 10 years of biological and
chemical macrophyte control on a typical 0.44-ha pond. Based on
computer simulations of carp feeding and growth and a constant plant
productivity of 122.2 kg dry weight per season.
Treatment Concentration Cost
Herbicide
Potassium endothall 0.3 ppm $600 ($60/year)
0.5 ppm $1,000 ($100/year)
Diquat 0.3 ppm $1,740 ($174/year)
Hybrid Carp
Age I+ 156 @ $1.75 ea $273 (1st year only)
Age II+ 62 @ $3.00 ea $186 (1st year only)
Grass Carp
Age I+ 45 @ $1.75 ea $78 (1st year only)
Age II+ 18 @ $3.00 ea $54 (1st year only)
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Figure 1. A comparison of average (linear) growth rates of age
I+ hybrid carp of different ploidy and/or year class, and grass carp.
HGC = hybrid carp; GC = grass carp; 2N = diploid; 3N = triploid; bars
give 95% confidence limits.
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Figure 3. Comparison of weight specific cumulative mortality
schedules for adjacent ponds with and without age II+ hybrid carp.
(a) Potamogeton crispus; (b) Na as flexilis. The difference
between carp and control pond curves is an estimate of per capita
mortality due to hybrid foraging.
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Chapter 1
THE DETERMINATION OF PLOIDY FOR INDIVIDUAL YEAR CLASS BATCHES
OF Fl HYBRID CARP USING STARCH GEL ELECTROPHORESIS
by
David P. Philipp
INTRODUCTION
Hungarian researchers have reported that the F 1 hybrid carp
resulting from crossing female grass carp with male bighead carp,
are sterile and triploid but retain the feeding behavior of the
grass carp (Bakos et al. 1978; Marian and Krasznai 1978). These
reports have generated a great deal of interest in the potential of
the F 1 hybrid carp for aquatic vegetation control. However, several
questions have been raised concerning the uniformity in the genetic
composition and sterility of these hybrids. Soviet researchers,
headed by Drs. B. V. Verigin, A. P. Makeyeva, and M. A.
Andriyasheva, have performed this cross with at least some of the
resulting offspring being diploid F 1 hybrid individuals and some
being gynogenetic grass carp (Sutton et al. 1981). Variations in
the technical methods employed in the laboratory production of
interspecific hybrids, as well as variations in the genetic
composition of the brood parents, may have significant effects upon
the viability and ploidy of the resulting embryos.
Mr. James Malone of Malone and Son Enterprises, Lonoke, Arkansas,
has successfully produced Fl hybrid carp (female grass carp X male
bighead carp) in the United States. Karyotypic analyses of F 1
hybrid carp produced by Malone in 1979 revealed that all of the
hybrid individuals assessed were triploid with 72 chromosomes (Beck
et al. 1980). Further study, however, left the uniformity of the
ploidy of F 1 hybrids produced in 1980 somewhat in question (Dr. P.
R. Beaty, personal communication). Our current study was designed
to determine the ploidy of the hybrid carp produced each year, using
electrophoretic techniques, which would also allow the determination
of parental gene dosage.
METHODS
Young-of-the-year Fl hybrid carp were obtained each year from Mr.
James Malone of Malone and Son Enterprises, Lonoke, Arkansas, in
1979, 1980, 1981, and 1982. Adult grass carp and adult bighead carp
were obtained from Dr. D. Homer Buck of the Illinois Natural History
Survey, Sam A. Parr Fisheries Research Center, Kinmundy, Illinois.
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Electrophoretic analyses used tissue samples of stomach, gill,
liver, eye, and muscle. Samples were dissected from frozen
individuals and homogenized in an equal volume of 100 millimolar
Tris-HCl, pH 7.0. This homogenate was centrifuged at 20,000 x g at
4°C for 20 minutes. The resulting supernatant was used for vertical
starch gel electrophoresis analysis of the isozymes encoded at 30
loci using one of three buffer systems (Table 1). Following
electrophoresis, the gels were subjected to histochemical staining
as described by Philipp et al. (1979). Phenotypes at each locus
were determined after visualization of the isozyme bands on the
starch gels. The relative amounts of each allelic isozyme were
quantified through electrophoretic analysis of serial dilutions of
individual tissue extracts followed by the staining of the starch
gels to visual end point as described by Klebe (1975) and used by
Vrijenhoek (1975).
RESULTS
Starch gel electrophoresis followed by histochemical staining
techniques were used to compare the allelic composition of enzyme
loci and tissue patterns of gene expression in the grass carp, the
bighead carp, and the intergeneric Fl hybrid (female grass carp x
male bighead carp). Seventeen enzyme systems encoded in 30 loci
were successfully resolved, using the conditions in Table 1. The
two parental species were fixed for electrophoretically
indistinguishable alleles at 21 loci but had distinguishable allelic
differences at nine loci (Adh-A, OGpdh-A, Ldh-A, Ldh-B, Aat-A,
Aat-M, Pgm-A, Ck-C, Est-L). All of the Fl hybrids analyzed
possessed qualitatively similar electrophoretic patterns in each
tissue examined and for each enzyme studied with the exception of
PGM. A polymorphism at the Pgm-A locus was observed in the bighead
carp and F 1 hybrids. Allelic contributions from both parental
species were observed in every hybrid at each of the nine loci with
allelic differences between the two parental species. However,
parental allele dosage, and hence, relative amounts of the
corresponding isozymes, varied among the hybrids as a result of
differences in ploidy. In addition, gynogenetic individuals were
detected in some year classes.
The fixed allelic differences between these two species at nine loci
allow for the quantitative assessment of the expression of the
genome of each parental species in the Fl hybrid. Since allelic
expression at these enzyme loci is codominant, Fl hybrids express
both parental alleles, readily distinguishing them from gynogenetic
or androgenetic individuals.
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The codominant expression of the alleles at the enzyme loci studied
in these hybrids also permits the determination of parental gene
dosage, and hence the ploidy of individual fish. Using a serial
dilution to visual end point technique described by Klebe (1975), we
have determined the relative activities of maternally inherited
versus paternally inherited isozymes encoded at those nine loci for
which the parental alleles were electrophoretically distinguishable.
Results of the serial dilution analyses of the 1979 fish revealed no
diploid hybrids. All fish examined were triploid, containing a 2:1
ratio (grass carp:bighead carp) of parental allelic isozyme activity
at each enzyme locus monitored (Table 2). It must be stressed,
however, that the individuals of the 1979 sample were not randomly
selected, but hand-selected at the hatchery. Therefore, these
results should not be taken as definitive for the entire 1979 batch
of F1 hybrids produced at Malone and Son Enterprises.
The results of the parental allele dosage analyses of the 1980
spawns of F 1 hybrid carp produced at Malone and Son Enterprises are
presented in Table 2. In contrast to the 1979 Fl hybrids analyzed,
the 1980 hybrids showed variation in the ploidy. Overall, 45.3% of
the hybrids were triploid and 54.7% were diploid, with triploid
percentages among the four ponds ranging from 30.8% to 58.3%. Among
all individuals analyzed, none was found which showed variation in
maternal versus paternal gene dosage among the loci assessed. That
is, no individual had a 2:1 dosage of alleles at one locus and a 1:1
dosage of alleles at another locus, indicating a degree of
aneuploidy. In addition to these randomly sampled 1980 hybrid carp,
hand-selected hybrids were obtained in the fall of 1980 and in the
spring of 1981 for field evaluations on the project. Interestingly,
those obtained in fall 1980 were only 6.2% triploid, whereas those
in spring 1981 were 96.0% triploid.
The results of the parental allele dosage analyses of the 1981
spawns of Fl hybrid carp produced at Malone and Son Enterprises are
also represented in Table 2. Five individuals were selected by
hatchery personnel as tentative gynogenetic individuals from the
thousands sampled in the seine hauls. These indeed proved to be
gynogenetic grass carp. However, of the randomly selected
individuals from each of the four brood ponds, all proved to be
triploid Fl hyrids.
In 1982, only two brood ponds of F1 hybrids were produced at Malone
and Son Enterprises. Of these, one pond contained 100% triploid
hybrids and the other 96%, giving an average value for the year of
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98% triploid (Table 2). However, it has been reported (R.
Wattendorf, personal communication) that aneuploid and/or mosaic
individuals in this year class have been detected. As a result, an
in-depth investigation of more of these F1 hybrids is currently
being initiated.
DISCUSSION
Naturally reproducing, self-sustaining populations of grass carp
have the potential to produce adverse effects on the aquatic
ecosystem (Stanley et al. 1978). Several strategies are being
employed to circumvent possible problems caused by naturalization
(Stanley 1976). Perhaps the approach receiving the most attention
currently, and that providing the greatest possibility for
successful application, is the use of the grass carp female x
bighead carp male Fl hybrid to replace the pure grass carp.
Hungarian researchers have reported that this hybrid retains the
food habits of the grass carp and is triploid and sterile, which are
clearly desirable qualities. Research completed on hybrid carp
produced in 1979 at Malone and Son Enterprises, Lonoke, Arkansas,
indicated that the individuals studied were triploid (Beck et al.
1980); these results were confirmed by our analyses. However, the
possibility of variability in the ploidy of the 1980 year class of
hybrid carp raised some questions concerning the uniform sterility
of these hybrids and was the impetus for our study. Using
electrophoretic procedures to measure gene dosage and determine the
ploidy of individual hybrids, we have found that in each of the
spawns produced in 1980 at Malone and Son Enterprises and sampled
during fall 1980, a significant number of the individuals were
diploid. The percentage of diploid individuals ranged from 41.7% to
69.2% among the different spawns. The problems encountered in
producing mass quantities of predominantly triploid fish have
apparently been overcome in 1981 and 1982 using temperature shock
treatment of the zygotes.
The value of the Fl hybrid carp for use in controlling aquatic
vegetation depends to a great extent on its reproductive capacity.
This assessment is essential in determining the extent to which the
Fl hybrid carp should be recommended to replace the grass carp in
current biological programs designed to control aquatic vegetation.
We feel quite strongly, as do others (Wilson et al. 1977), that
genomic incompatibilities which prohibit formation of viable Fl
hybrids, and those which render viable Fl hybrids sterile, are most
often incompatibilities which reside at regulatory loci. As a
result, predictions of hybrid success based upon genetic identity
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values (Nei 1978), calculated from allele frequency differences at
structural loci, especially among species belonging to a family for
which little genetic data exist, is extremely speculative. The
ploidy polymorphism in these hybrids (diploid versus triploid)
complicates matters significantly. Although successful reproduction
among triploid fishes is well documented (Vrijenhoek 1975), specific
novel mechanisms are employed in these cases. However, Elinson and
Briedis (1981) demonstrated that making certain amphibian hybrids
triploid permitted development and survival while normal diploid
hybrids all died. The effect of triploidy on the reproductive
capabilities of the Fl hybrid carp is as yet undetermined. In this
regard, the reproductive capabilities of the diploid and triploid F 1
hybrids should be assessed separately. We also recommend that
decisions concerning the future use of the grass carp and of this F 1
hybrid carp await the conclusion of existing research programs
designed to assess a variety of aspects of the biology of hybrid
carp.
Electrophoretic procedures have distinct advantages over other
procedures for investigating the genetic composition of these
hybrids. Not only does electrophoretic analysis determine ploidy,
but it also quantitatively determines parental allele dosage in the
individual. Therefore, gynogenetic and androgenetic individuals, as
well as diploid and triploid hybrids, can all be readily
distinguished in a single analysis. This is not the case with other
methods being used to determine ploidy among these hybrids, i.e.,
cell volume determinations and karyotypic analyses. In addition,
large numbers of individuals can be analyzed relatively economically
in a short time. Finally, by analyzing muscle tissue taken from fin
clips, the ploidy and genetic composition of individual F1 hybrids
could be determined and these individuals could easily be kept
alive. Although ploidy determination of large numbers of hybrids to
be stocked into lakes for aquatic vegetation management programs
would not be feasible, electrophoretic procedures may prove highly
desirable for experiments in which the genetic composition of
individuals must be known prior to stocking.
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Table 1. Electrophoretic procedures.
Enzyme loci Electrophoretic
Number Surveyed Tissue analyzed conditions
1 Adh-A Liver EBT
a
2 (tGpdh-A Muscle TC
b
3 Sdh-A Liver HCc
4 Ldh-A Muscle TC
5 Ldh-B Muscle TC
6 Ldh-C Liver TC
7 Mdh-A Liver TC
8 Mdh-B Muscle HC
9 Mdh-M Muscle HC
10 Idh-A Muscle TC
11 Idh-B Liver TC
12 6-Pgdh-A Muscle TC
13 Gapdh-A Muscle HC
14 Gapdh-C Eye HC
15 Sod-A Liver EBT
16 Aat-A Muscle TC
17 Aat-M Muscle TC
18 Ck-A Muscle EBT
19 Ck-B Eye HC
20 Ck-C Liver EBT
21 Ak-A Muscle HC
22 Ak-B Muscle HC
23 Ald-A Muscle HC
24 Ald-C Eye HC
25 Pgm-A Muscle TC
26 Gpi-A Muscle EBT
27 Gpi-B Muscle EBT
28 Est (Muscle) Muscle EBT
29 Est (Liver) Liver EBT
30 Cbp-A Muscle EBT
aEBT: Gel = 15.1% starch (W/V) 0.042 M Tris, 0.023 M Borate, 0.00089M
EDTA, pH 8.6
Electrode chambers = (top) 0.18 Tris, 0.100M Borate, 0.0036M EDTA, pH 8.6
(bottom) 0.129M Tris, 0.071M Borate, 0.0026M EDTA, pH 8.6
Electrophoresis = 17 hours at 225 volts, 4°C
bTC: Gel = 18.6% starch (W/V) 0.0175M Tris, 0.0058M Citrate, pH 7.0
Electrode chambers = 0.075M Tris, 0.025M Citrate, pH 7.0
Electrophoresis = 18 hours at 225 volts, 40C.
cHC: Gel = 17.4% starch (W/V) 0.00125M Histidine-NaOH, pH 8.4
Electrode chambers = 0.10M Citrate, pH 8.2
Electrophoresis = 4 hours at 225 volts, 40C.
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Table 2. Ploidy results for the various year classes of F1
hybrid carp produced at Malone and Son Enterprises.
Percentage Ploidy
Spawn Sampling Number 3NF 1  2NF1  2N GYN
1979 Hatchery selected -fall 1979 100 100
1980 Randomly selected-fall 1980 53 45.3 54.7 --
Hatchery selected-fall 1980 65 6.2 93.8 --
Hatchery selected-spring 1981 25 96.0 4.0 --
1981 Randomly selected-fall 1981 80 100 -- --
*Hatchery selected-fall 1981 5 -- - 100
1982 Randomly selected-fall 1982 100 98.0 2.0
Fish were selected as tentative gynogenetic fish by hatchery personnel.
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Chapter 2
LABORATORY STUDIES OF HYBRID CARP
CONSUMPTION AND ASSIMILATION RATES
by
Stephen M. Pescitelli, Michael J. Wiley,
Stephen W. Waite, and Lynn D. Wike
INTRODUCTION
Predicting stocking rates of herbivorous fish necessary to achieve
specified levels of macrophyte control requires accurate estimates of
both the rate at which plants are being produced and the rate at
which herbivorous fish can remove them. Since consumption rates are
notoriously difficult to estimate in field populations (Brett and
Groves 1979), we have initiated a series of laboratory investigations
designed to measure hybrid carp consumption and assimilation rates
under a variety of experimental conditions. In this report we
describe the results of the first of these experiments: an
examination of the relationship between temperature and macrophyte
consumption rates.
The primary objectives of this study were to: (1) define the
relationship between feeding rate and temperature for the hybrid;
(2) determine assimilation efficiencies, an important factor in
predicting growth and production; and (3) gather preliminary data
for an energy budget for the hybrid.
METHODS
Experiments were conducted in circular aluminum tanks with a volume
of 1500 liters (400 gal). Each tank was screened from outside
activity by black plastic barriers. The experimental tanks were
located in an isolated building at the Illinois Natural History
Survey Annex pond site. The building was divided into two rooms
(Fig. 1) and held six tanks, each maintained at a different
temperature ranging from 16 to 34°C. The cooler tanks were kept in
the inner room (A, Fig. 1) which was air conditioned. Immersion
heaters and coolers in conjunction with temperature controllers were
used in individual tanks, and temperatures were monitored
continuously using thermistors interfaced with an Apple II Plus
microcomputer. Mean temperatures were recorded on magnetic disk
every hour. Water quality was maintained by pumping water from each
tank through B.F. Goodrich unplasticized PVC biofilters for two 15-
minute periods each hour and through the addition of make-up water.
Each room had a separate filtration module (16 cu ft), and both were
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located in the warm room (Fig. 1) to maximize filtration efficiency.
The Apple computer was used to control filtration cycles, system
water levels, and lights which were set on a 13-hour photoperiod.
All tanks were aerated throughout the experiment.
Triploid 1981 year class hybrid carp, obtained from Jim Malone and
Son Enterprises in Lonoke, Arkansas, were used in the feeding
experiments. Fish were weighed, measured, and randomly assigned to
the experimental tanks where they were held for 2 months at
approximately 19°C prior to initiation of temperature adjustments.
Water temperature changes were made at a rate of no more than 1.2°C
per day during a 2-week acclimation period. The fish were then held
at the desired temperature for 1 week prior to actual
experimentation. Potamogeton crispus from local ponds was fed
throughout the holding period. Fish were then anesthetized,
weighed, and measured; the experimental run was initiated with five
fish in each tank. Every 2-3 days during the experiment, fish were
fed P. crispus at a rate of 100% of body weight. After each feeding
period, uneaten plants and feces were removed and fresh weights
obtained. All plants were spun in a salad spinner to remove excess
water before weighing. Feces and uneaten plants falling to the
bottom of the tank were retrieved using a modified pump and filter
which separated larger plant particles from the fecal material.
Both components were weighed after removal of excess water and then
frozen for further separation and analysis. The experiment lasted
37 days and included 17 discrete feeding periods (Fig. 2). A
control run was conducted without the fish for 1 week following the
experiment in order to estimate handling error.
Water quality parameters (Table 1) were measured at least once
weekly and after each feeding during one 2-week period in order to
sample short-term fluctuations. Samples of plants before and after
feeding were analyzed for variations in chemical and caloric
composition. Fecal samples were also analyzed for chemical and
caloric content. Variation in food consumption was analyzed using
autocorrelation analysis. Periodic behavior in feeding was
investigated through periodgram analysis in order to uncover
dominant frequencies. Both of the above packages are available from
Statistical Analysis System (SAS 1979). Curves were fitted by least
squares regression.
RESULTS
Substantial day-to-day variation in food consumption was present at
all acclimation temperatures (Fig. 2). Autocorrelation analysis,
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which compares consumption on any given day with consumption on any
other day, indicated that daily intake did not fluctuate randomly.
Inspection of daily feeding patterns suggested that periodic
behavior was present over longer intervals and remained in phase for
all tanks. Periodgram analysis identified a dominant frequency in
the feeding cycle of 17-20 days for all treatments.
Mean daily intake increased with temperature from 11% of body weight
(BW) at 16 0 C to 29% BW at 34°C (Table 2). Consumption was a
parabolic function of temperature (Fig. 3). Production of feces in
grams per gram of plant food ingested decreased with increasing
temperature (Fig. 4) up to 27°C but then increased again at higher
temperatures. Subtracting this quantity from one gives the fraction
of food that was assimilated, expressed as a percentage of the total
intake, i.e., the assimilation efficiency (Fig.. 5). Maximum
assimilation efficiency was 78% at 27 0 C.
Energy and nutrient analyses were conducted on the plant food
(Potamogeton crispus) and fecal material obtained from fish held at
25 0°C (Table 3). Only a relatively small percentage of the total
energy and nitrogen available were absorbed. A slightly larger
percentage of the other nutrient elements were utilized (Table 3).
By converting total daily intake and fecal output into calories,
the total energy assimilated was determined and is represented as
the difference between the two curves in Figure 6. The maximum
assimilation of energy, after accounting for fecal loss, occurred in
the 27-29*C temperature range (Fig. 6).
DISCUSSION
Substantial variation in daily consumption was present at all
acclimation temperatures in the present study. Rozin and Mayer
(1961) reported high levels of variability in the amount of food
consumed over 24-hour periods for goldfish (Carassius auratus).
Pronounced variation in day-to-day consumption was also noted for
largemouth bass (Micropterus salmoides) fed an excess of fathead
minnows (Pimephales promelas) (Smagula and Adelman 1982). This type
of feeding behavior may be common in fish, suggesting that
differences in daily consumption are not due totally to variations
in food supply. The cyclical nature of the feeding behavior, which
remained in phase at all treatment temperatures, could not be
related to any external stimuli and may represent some auto-
regulated feeding response. Analysis of the plants indicated no
differences in caloric or chemical composition of the food from day
to day, although some unmeasurable variation in food quality (e.g.,
palatability) may have existed.
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Although the triploid hybrid retains many characteristics of the
parental grass carp, including herbivory, feeding rates were
generally lower. In the present study mean daily consumption for
groups of hybrids (average 128 g) ranged from 11 to 29% BW in the
16-34°C temperature range. These rates were comparable to those
found for the hybrid in other studies. Cassini and Caton (1982)
reported that daily consumption varied from 24 to 97% BW in the
26-310°C range for hybrids larger (381 g) than those used in our
study. Monaghan (unpublished data) also reported feeding rates for
the hybrid that compare well with those reported here (Table 4).
On the basis of the regression analysis (Fig. 2) we would predict
that the hybrid stops feeding at about 11°C (where the curve
intersects the abscissa). Grass carp begin to consume aquatic
plants at 120C with intensive feeding in the 22-310C temperature
range (Opuszynski 1972). The hybrid and parental grass carp appear
to be similar in this respect, although there is some evidence that
grass carp continue feeding intermittently down to 30C (Stroganov
1963, as cited in Hickling 1966). For the hybrid, the fraction of
food lost as feces approaches one at 110C (Fig. 3); therefore,
almost 100% of the food ingested below 1100°C would be passed out as
feces. Fecal losses were generally high below 2000C as metabolism
was slowed down and the digestive processes were more inefficient.
Fecal loss was lowest in the 27-30°C range, increasing at the higher
temperatures, apparently as the optimum for enzymatic activity was
surpassed.
Assimilation efficiency for the hybrid is low compared to most
carnivores, particularly at lower temperatures. Herbivores in
general are characterized by poor assimilation efficiencies because
of the low digestibility of their plant food (Brett and Groves
1979). Stroganov (1963, as cited in Hickling 1966) estimated that
grass carp digest 60-70% of aquatic plants ingested. Stanley (1974)
constructed an energy budget for 1-kg grass carp fed Egeria and
estimated that 42% of the energy intake was lost through egestion at
230C; this value includes fecal and non-fecal loss (excretion from
the kidneys and gills). Estimated loss of energy from fecal loss
alone, as reported here, was 30% of intake at 230C. Energy loss in
fecal output was lowest (20%) at 28 and 29°C and increased both at
lower and higher temperatures. The difference between consumption
and fecal loss represents the total energy assimilated by the
hybrid. An additional portion of this assimilated energy is lost as
non-fecal excretion (principally urine) and the remainder is then
utilized for respiration and growth. Stanley (1974) estimated that
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only 8% of ingested energy was lost through respiration. However,
this value is very low even for herbivores (Welch 1968), and
assumes a mean conversion efficiency of 74% (Brett and Groves 1979).
Estimates for respiration and non-fecal losses and their
relationship to temperature are unavailable for the grass carp and
the hybrid.
Originally, estimates of growth and conversion efficiency were
planned for the present experiment, but we observed virtually no
growth over the duration of the experiment. Several studies
(Cassini et al. 1982; Urban and Fischer 1982) suggest that animal
protein is a requirement for good growth in fingerling (1+) grass
carp and hybrids. Larger grass carp may also need animal protein to
maintain a positive nitrogen balance (Stanley 1974). We found that
invertebrate density on the plants used in the feeding study was
only 4% of that present in our study ponds. Table 5 gives the basic
diet requirements for common carp (Cyprinus carpio), and the amino
acids present in Potamogeton crispus, the plant food used here.
These amino acids probably include those required for growth in most
teleosts, although not necessarily in the same proportion. Four of
these essential amino acids were not present in P. crispus tissue.
A deficiency of arginine alone has been shown to cause very poor
growth in salmonids (Halver et al. 1957), and therefore the lack of
growth observed in this study could have been due to the absence of
one or more of the basic amino acids. Tank culture generally leads
to slower growth and is not recommended for hybrids (Cassini and
Caton 1982). Grass carp have also shown poor growth in tanks
(Stanley 1974a, 1974b).
Given the problem of obtaining realistic growth in the laboratory,
conversion efficiencies will be difficult to estimate under
controlled conditions. Conversion efficiency is an important
parameter in predicting production and growth of the hybrid and
estimates might more reasonably be obtained by using both laboratory
feeding rates and field growth rates.
A preliminary estimate of conversion efficiency based on these
results and observed growth in INHS ponds is 2.42%. This value
falls within the range of values reported by Cassini and Caton
(1983). The accuracy of such an estimate is difficult to assess,
but, since field growth can be determined with little error, it must
largely depend upon the accuracy of consumption estimates. As
already noted, results reported here compare favorably with other
reported studies. Even more encouraging in this respect is the
comparison of consumption estimates reported here with independent
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estimates based on observed plant mortality (Chapter 6); estimates
differed by only 1-3% suggesting that the laboratory estimates
realistically portray field cropping performance.
SUMMARY
Highest consumption and assimilation rates for the hybrid occur in
the 27-30°C temperature range. These results are similar to those
for the grass carp; the hybrid, however, consumes relatively less
plant material than the grass carp and, therefore, stocking rates of
the hybrid would have to be increased to achieve equivalent control.
With knowledge of the precise relationship between temperature and
feeding, cropping rates throughout the season can be accurately
estimated. This information, along with results from field studies,
will be used in the preparation of stocking recommendations for
the hybrid carp.
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Table 1. Characteristics of
hybrid carp feeding experiment.
water in the six treatment tanks during
Treatment Dissolved Total
temperature oxygen ammonia Nitrite Nitrate
(°C) (% saturation) pH (mg/1 NH3-N) (mg/l N02-N) (mg/l N03-N)
34 84 7.96 0.09 0.06 1.5
29 86 8.04 0.11 0.06 1.4
27 86 8.14 0.10 0.06 1.3
22 89 8.07 0.07 0.05 .37
19 90 8.18 0.05 0.05 .33
16 94 8.27 0.04 0.05 .39
Table 2. Daily food intake and assimilation efficiencies for the
hybrid grass carp at six experimental temperatures.
Temperature Initial Mean daily Maximum Assimilation
(°C) weight intake (%BW) intake (%BW) efficiency
34 137 29 45 76
29 148 28 45 77
27 117 26 42 78
22 109 18 34 72
19 113 13 32 62
16 144 11 23 38
Table 3.
weight).
Composition of Potamogeton crispus and fecal matter (% dry
kcal/g N P Ca K Na
P. crispus 3.65 2.25 0.36 3.27 2.82 1.18
Feces 2.87 1.54 0.20 1.54 1.38 <.02
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Table
Monaghan.
a
4. Comparison of consumption rates with those reported by
Fish Temperature Ration
Source Weight (°C) (% body weight)
SIU 232 14 26
INHS 144 16 11
SIU 72 14 6
SIU 270 22 69
INHS 109 22 18
SIU 86 22 15
SIU 318 30 52
INHS 148 29 28
SIU 66 30 24
aUnpublished data from Southern Illinois University, Carbondale, IL.
Table 5. Amino acid requirements for common carp and amino
acids present in Potamogeton crispus (% dry weight).
Diet requirements
Amino acid for carp* P. crispus**
Arginine 1.6 0
Histidine 0.8 0
Isoleusine 0.9 0
Leusine 1.3 0
Methionine 1.2 0.42
Phenyalinine 2.5 2.42
Threonine 1.5 3.64
Trytophan 0.3 NA
Valine 1.4 2.35
Lysine 2.2 1.61
* Nose and Arai (as cited in Cowey and Sargent 1979).
**Sharma and Singh 1980.
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Figure 1. Diagram of building where feeding experiments were
conducted.
Experimental tanks
Cold room
Warm room
Biofilter (warm room)
Biofilter (cold room)
Computer and electronic
control center
F - Window air conditioning units
G - Central heating/air conditioning
unit
H
J
K
L
M
Well water source
Make-up water filter
Sink
Chemistry laboratory
Municipal water source
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Figure 2. Mean daily food consumption by groups (N = 5) of
triploid hybrid carp during acclimation (feeding periods 1-10) and
experimentation (feeding periods 11-27) at six treatment temperatures.
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Figure 3. Relationship between temperature and daily consumption
for hybrid carp fed Potamogeton crispus (actual data points with 95%
confidence intervals fitted to curve described by above equation).
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Figure 4. Fecal production
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Figure 5. Assimilation efficiency for hybrid carp at six
experimental temperatures shown as data ponts (with 95% confidence
intervals) fitted to parabolic curve described by equation given above.
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Figure 6. Energetic value in calories of daily ration and fecal
loss as a function of temperature. Differences between lines represents
total energy assimilated.
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Chapter 3
A COMPARISON OF GUT LENGTH AND RELATIVE GUT LENGTH (RGL)
IN HYBRID CARP (FEMALE GRASS CARP, CTENOPHARYNGODON IDELLA
x MALE BIGHEAD CARP, HYPOPHTHALMICHTHYS NOBILIS) AND GRASS CARP
by
Todd F. Powless, Stephen T. Sobaski, and Michael J. Wiley
INTRODUCTION
Intermediate characteristics between parental species and hybrid
offspring are not uncommon. Berry and Low (1970) found, in
comparative studies of Fl hybrids resulting from a cross of the
female bighead carp with the male grass carp, that the morphology
and histology of the offspring shared characteristics of both
parents. Their results indicated that the coiling and gut length of
the hybrid more closely resembled the paternal grass carp. This
study examines certain morphological features of the reciprocal of
the cross reported by Berry and Low (1970): F1 hybrids of the female
grass carp x male bighead carp.
METHODS
The gut morphology of 19 hybrid carp (1980 year class), 25 hybrid
carp (1981 year class), and 24 grass carp (1981 year class) were
examined in summer 1982 from stocks originally supplied by Malone
and Son Enterprises, Lonoke, Arkansas.
Specimens of the 1980 year class hybrids were collected through
summer of 1981 and frozen until examination in 1982. All specimens
were fish that had died of various natural causes while in holding
ponds. The 1981 year class hybrids and grass carp examined were
from populations stocked together in spring 1982. These fish were
stocked at equal densities (100/0.08-ha pond) with total lengths
ranging from 126 to 213 mm and were collected in July, August,
September, and November.
Guts were prepared for measurement by uncoiling and lightly
stretching them to remove any kinks. Total gut length was then
measured as the distance from behind the pharynx to the anus (Berry
and Low 1970). RGL is calculated as the ratio of total gut length
to total body length (mm GL/mm TL). Results were analyzed
statistically using Student's t-test, one-way analysis of variance,
and correlation analysis (SPSS-6000). Comparison of regression
lines followed methods described in Zar (1974:228-230). Statistical
significance was inferred at the 0.05 level.
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RESULTS
The mean RGL's of 1980 and 1981 hybrid carp were comparable and less
than the mean RGL's of grass carp (Table 1). A similar relationship
was found for the total gut length measurements of the three carp
classes (Table 2). One-way analyses of variance of RGL's between
year classes of hybrid carp were performed (Table 1) and indicate
that the RGL's of the two year classes of hybrids were not
significantly different. The RGL's of grass carp, however, were
significantly longer than either hybrid. One-way analyses of
variance of total gut length gave similar results (Table 2).
To examine whether differences in gut lengths and RGL were only
artifacts of differences in the total lengths of fish in each class,
simple linear regression analyses (Figs. 1 and 2) were conducted
with GL and RGL as dependent variables. No significant linear
relationship was found to exist between RGL and total length (Table
3). This result was consistent with Hickling's (1966) finding that
the gut lengths of large grass carp (TL>300 mm) showed no tendency
to become relatively greater in larger fish. Gut lengths in all
year classes of carp were significantly correlated with total length
(Table 4).
T-test comparisons of slope among the regressions of gut length
showed no significant difference between carp classes. The rate
that gut length increased with body length in the hybrids was
essentially equal to that of the grass carp. However, t-test
comparison of the regression equation intercepts (testing if gut
lengths were equal between classes for identically sized fish) did
show significant differences. The elevation of the 1981 hybrids was
significantly greater than that of the 1980 hybrids, yet
significantly less than that of the grass carp. The lack of
significant difference in elevations between the regressions for
1980 hybrids and grass carp was probably attributable to the
relatively small sample size for 1980 hybrids.
A second approach to examine total length bias between classes was
to run t-tests only on fish within a total length range of 233-256
mm. This span represents the smallest range of size overlap between
all three year classes. For comparably sized fish, the relative
and total gut lengths of grass carp are significantly greater than
either hybrid class (Table 5). Comparisons between the hybrid year
classes show only a slightly significant difference in RGL, similar
to results of the regression elevation comparison of the two. Total
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gut length, however, showed no significant difference, indicating
that the lack of difference in analysis of variance results (Table 2)
was probably a consequence of sampling error.
DISCUSSION
A number of factors influence a fish's potential feeding rate, not
the least of which are size and gastric capacity. Gut volume sets
an upper limit on the amount of biomass that can be processed at any
given time. Fish, in general, will feed at a high rate until that
limit is reached or nearly so (Windell 1978). In the case of grass
carp, Hickling (1966) found that guts from fish under conditions of
suitable food availability and continuous feeding were filled
throughout their length with "green material." Given the similarity
of the hybrid carp to the grass carp in food habits, a comparative
examination of gut morphology may be useful as an indicator of the
potential relative efficiency of each in controlling plant
production.
Our analyses indicate that the hybrids possess significantly
smaller gut lengths relative to their size than do grass carp.
Differences between the two years classes of hybrids, however,
were less apparent. When contrasting the seasonal mean relative gut
length of each class, no statistically significant difference was
found between the two year classes of hybrids. When specimens
outside the range of size overlap were excluded from the analysis,
however, the 1981 hybrid showed a slightly higher RGL. Analysis of
gut length versus body length regressions also indicated that 1981
hybrids had a slightly longer RGL than hybrids spawned in 1980.
In Berry and Low's (1970) comparative study of carp morphology,
hybrids ranging in size from 97 to 197 mm showed a mean RGL of 2.10,
a value quite comparable to those we found in the 1980 and 1981
hybrids of the reciprocal cross. However, our grass carp had a
somewhat larger average RGL (2.6), although it falls within the
range of 1.6-2.6 reported by Berry and Low (1970). This RGL value
is also greater than the mean of 2.25 reported by Hickling (1966)
for grass carp >300 mm in length.
It is doubtful that RGL is a very precise indicator of harvesting
efficiency, since other factors such as digestibility and
assimilation efficiency will significantly influence feeding rate.
Nevertheless, the significantly greater length of the grass carp
gut, as well as its greater diameter (Berry and Low 1970), suggests
that the grass carp possesses the physical capacity to process
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considerably more vegetation per unit time than a comparably sized
hybrid. The relatively small size range of fish analyzed
indicates that further study of the gut morphology of larger fish
would be valuable to determine whether differences between grass
carp and hybrids remain consistent with age.
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Table 1. Summary
analysis of variance.
of relative gut length (RGL) using one-way
Standard
N Mean Error
1980 hybrid carp 19 2.05 0.07 F ratio 0.712 Not
1981 hybrid carp 25 2.11 0.04 F prob. 0.404 significant
1980 hybrid carp 19 2.05 0.07 F ratio 48.897 Highly
1981 grass carp 24 2.62 0.05 F prob. 0 significant
1981 hybrid carp 25 2.11 0.04 F ratio 57.753 Highly
1981 grass carp 24 2.62 0.05 F prob. 0 significant
Table 2. Summary of total gut length using one-way analysis
of variance.
Standard
N Mean Error
1980 hybrid carp 19 534.11 24.99 F ratio 4.175
1981 hybrid carp 25 479.92 13.24 F prob. 0.0147 Significant
1980 hybrid carp 19 534.11 24.99 F ratio 39.655 Highly
1981 grass carp 24 811.12 33.72 F prob. 0 significant
1981 hybrid carp 25 479.92 13.24 F ratio 86.124 Highly
1981 grass carp 24 811.12 33.72 F prob. 0 significant
Table 3. Summary of regression analyses of relative gut
length (RGL) with total fish length (TL).
n Regression equation r p*
1980 hybrid carp 19 RGL = 0.0034TL + 1.1734 0.327 0.082
1981 hybrid carp 25 RGL = 0.0029TL + 1.4656 0.207 0.321
1981 grass carp 24 RGL = 0.0008TL + 2.3730 0.163 0.442
*two-tailed significance
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Table 4. Summary of regression analyses of gut length (GL)
with total fish length (TL), including slope and elevation
comparisons between years classes.
n Regression equation r p*
1980 hybrid carp 19 GL = 2.785TL - 183.77 0.717 0.00055
1981 hybrid carp 25 GL = 2.765TL - 146.86 0.670 0.00025
1981 grass carp 24 GL = 2.855TL - 70.020 0.861 0.00001
T-value T-value
slopes df p* elevations df p*
1980 hybrid carp vs. -0.0206 40 p>0 .50  -5.1826 41 p<0.001
1981 hybrid carp
1980 hybrid carp vs.
1981 grass carp -0.1163 39 p>0 .50  -1.0241 40 0.2<p<0.5
1981 hybrid carp vs.
1981 grass carp -0.1055 45 p>0 .5 0  5.1534 46 p<0.001
*two-tailed significance
Table 5. Summary of t-test comparisons of relative gut
length (RGL) and total gut length for fish 233-256 mm in length.
The range 233-256 mm represents the range of total lengths present
in all three classes of carp.
Standard
n Mean Error T p
RGL
1980 hybrid carp 8 1.952 0.070
1981 hybrid carp 10 2.184 0.067 2.36 0.031
1980 hybrid carp 8 1.952 0.070
1981 grass carp 6 2.578 0.034 7.18 <0.0001
1981 hybrid carp 10 2.184 0.067
1981 grass carp 6 2.578 0.034 4.30 0.001
Gut Length (mm)
1980 hybrid carp 8 489.75 21.532
1981 hybrid carp 10 529.40 16.221 1.50 0.153
1980 hybrid carp 8 489.75 21.532
1981 grass carp 6 627.67 10.269 5.18 <0.0001
1981 hybrid carp 10 529.40 16.221
1981 grass carp 6 627.67 10.269 4.35 0.001
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Figure 1. Regression plot of relative gut length against
total body length for hybrid carp (HYB) and grass carp (GRA). The
year class represented by each line corresponds to the end-point
symbols of that line. See Table 3 for regression analysis summary.
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Figure 2. Regression plot of total gut length against total
body length for hybrid carp (HYB) and grass carp (GRA). The year
class represented by each line corresponds to the end-point symbols
of that line. See Table 4 for regression analysis summary.
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Chapter 4
A PRELIMINARY INVESTIGATION OF THE REPRODUCTIVE HISTOLOGY
OF GRASS CARP (CTENOPHARYNGODON IDELLA), BIGHEAD CARP
(HYPOPHTHALMICHTHYS NOBILIS) AND THEIR Fl HYBRID
by
Todd F. Powless
INTRODUCTION
Since its introduction into natural waters in the United States in
1961, the grass carp (Ctenopharyngodon idella) has been the
subject of controversy. Its potential use as an alternative to
herbicides for aquatic macrophyte control has met with strong
opposition from a variety of concerned environmental groups.
Hungarian researchers have artificially produced a hybrid of the
female grass carp x male bighead carp (Hypophthalmichthys nobilis).
It is believed that this hybrid retains the feeding characteristics
of the maternal grass carp but, because it is triploid, will be
unable to reproduce.
Here we report the results of the first year of a 2-year program to
examine differences between the parental species and their hybrid.
Thirty bighead, grass, and hybrid carp spawned in 1979 were held at
Illinois Natural History Survey ponds near Kinmundy, Illinois. In
1982, a preliminary sample of these fish were used to test
procedures for examining gonadal response to hormone injections. A
large-scale experiment employing the techniques reported here is
planned for early summer 1983.
METHODS
Hybrid carp (n=2, 350 and 400 mm TL), grass carp (n=4, 310-430 mm
TL), and bighead carp (n=4, 330-530 mm TL) were received from Malone
and Son Enterprises, Lonoke, Arkansas; all fish were from the 1979
year class. Fish were held over the winter in a 0.08-ha pond until
the histological examination.
A subsample of all three genetic types of carp were injected with
human chorionic gonadotropin (HCG) at a rate of 1 ml per pound of
fish per day for 2 days. Fish were injected on 23 and 24 June 1982.
At the time of examination, 28 June 1982, fish were over 3 years
old. Gonads of all fish (both injected and controls) were removed
and fixed in Bouin's fluid. Standard histological samples were
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obtained using an AO Spencer "820" microtome sectioning from 8 to
10 microns. Tissue sections were then stained in haematoxylin and
eosin using the ethyl-alcohol schedule described by Humason (1972;
p. 46).
RESULTS
Although sizes of the fish ranged considerably, their ages were
comparable (3+ years). The gonads of fish upon dissection were
noted to be paired, white strands located above the swim bladder and
in direct contact with the dorsal membrane lining the abdomen.
From histological sections, it appeared that bighead and grass carp
collected included both males and females. Hybrid carp, on the
other hand, were of undetermined sex. Of the four bighead carp
analyzed, three were females with oocytes present; the male had no
sperm present (Table 1). Grass carp analyzed consisted of three
males with no sperm present and one female with ooctyes present
(Table 1).
DISCUSSION
The lack of gonadal development in hybrid carp (1979 year class)
is encouraging. There remains the possibility of maturation and
sexual viability, however, in future years. Large-scale treatment
in 1983 will be necessary to determine the hybrid sex ratio and
gonadal development. Although no sperm were observed in either
bighead or grass carp male gonads, it does not mean that sperm were
not produced. Fragile sex cells, such as sperm, may be very
difficult to fix and section (J. Bahr, personal communication).
Gonadal analyses of the 1979 year class of grass, bighead, and
hybrid carp should continue in 1983.
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Table 1. Total length (mm), sex, type of treatment (injected
with human chorionic gonadatropin at rate of 1 ml per pound, or a
control receiving no treatment), and gonad development of bighead,
grass, and hybrid carp during June 1982. All carp were 3+ years old
(1979 year class).
Total Type of Gonad
Fish length (mm) Sex treatment Development
Bighead carp
1 360 Female Control oocytes present
2 330 Female Injected oocytes present
3 480 Female Control oocytes present
4 530 Male Control no sperm present
Grass carp
3 310 Male Control no sperm present
5 310 Male Injected no sperm present
6 430 Male Control no sperm present
7 420 Female Injected oocytes present
Hybrid carp
3 350 Undetermined Control no development
4 400 Undetermined Injected no development
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Chapter 5
RELATIVE GROWTH RATES OF HYBRID AND GRASS CARP
by
Todd F. Powless
INTRODUCTION
The objective of this project was to examine growth in relation to
year class and ploidy of hybrid carp (female grass carp,
Ctenopharyngodon idella x male bighead carp, Hypophthalmichthys
nobilis) and grass carp.
METHODS
Hybrid carp (1980 and 1981 year classes) were stocked in 1981 and
again in 1982 in 0.08-ha ponds. Grass carp (1981 year class) were
stocked only in 1982. All fish were individually weighed (g),
measured (mm TL), and then released into drainable ponds which were
completely censused at the end of the growing season. Largemouth
bass (Micropterus salmoides), bluegill (Lepomis macrochirus), and
channel catfish (Ictalurus punctatus) were also introduced into
these ponds (a typical farm pond fish combination). Growth data for
all fish were recorded when ponds were drained and censused in
October 1981 and October-November 1982.
Seasonal (linear) growth rates were estimated by calculating the
number of days from stocking to censusing and dividing this value
into the total biomass gained by fish throughout the growing season:
total grams increment/total number of days = grams/day increment
RESULTS AND DISCUSSION
Age I+ hybrid carp all grew at substantially lower rates than
similarly aged grass carp (Table 1). No statistically significant
difference was found between hybrids of different year class or
ploidy (Fig. 1). Average growth of the 1980 year class of hybrid
carp was 1.55 g/day for 2N (diploid) fish and 1.51 g/day for 3N
(triploid) fish. The 1981 hybrid (3N) and grass carp attained
growth rates of 1.79 and 2.92 g/day, respectively.
Age II+ growth data was only available for the 1980 year class of
hybrid carp (both ploidies). Growth rates for the 1982 growing
season were 0.81 and 2.00 g/day for 2N and 3N hybrids, respectively
(Fig. 2). Triploid hybrids more than doubled the growth exhibited by
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diploids. Sutton et al. (1980) reported a growth differential
between diploids and triploids of the same F1 hybrid.
The 1981 triploid hybrid carp grew, on the average, only slightly
better than either the 2N or 3N 1980 year class hybrids, suggesting
that the "super triploid" designation for the 1981 year class is not
appropriate.
Regardless of year class or ploidy, hybrid carp growth rates were
considerably less than those of the grass carp. One possible reason
for this discrepancy is that the shorter relative gut length (see
Chapter 3) results in lower consumption rates and/or assimilation
efficiencies. Another possible explanation is that offered by Berry
and Lowe (1970) for the reciprocal cross hybrid. They attributed
slow growth rates to irregular and bent gill rakers and to the poor
development of pharyngeal teeth in the hybrids, leading to reduced
feeding capacity.
Growth data will continue to be collected during 1983 to allow
further comparisons of hybrid carp (both ploidies) with grass carp.
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Table 1. Growth rates (g/day) for hybrid and grass carp.
1981 1982
Carp Year class Ploidy growth rate growth rate
Hybrid 1980 2N 1.55 0.81
Hybrid 1980 3N 1.51 2.00
Hybrid 1981 3N 1.79 NA
Grass 1981 2N 2.92 NA
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Figure 1. A comparison of average (linear) growth rates of age
I+ hybrid carp of different ploidy and/or year class and grass carp.
HGC = hybrid carp, GC = grass carp; 2N = diploid; 3N = triploid;
bars give 95% confidence limits.
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Chapter 6
IMPACTS OF HYBRID CARP ON AQUATIC MACROPHYTE POPULATIONS
by
Pamela P. Tazik, Katharyn L. Ewing, and Michael J. Wiley
INTRODUCTION
Aquatic macrophytes play a key role in the function of aquatic
ecosystems by regulating energy flow and by serving as food,
protection and habitat for many organisms. They influence
populations of fish, invertebrates, zooplankton and phytoplankton as
well as physical and chemical properties of water. In great mass,
aquatic plants can have a detrimental effect on the sport fishery
and, for that reason, should be maintained at a beneficial level.
The objective of this study was to determine the effectiveness of
several stocking levels of hybrid carp in controlling the standing
crop of aquatic macrophytes during 1982.
Effectiveness of the hybrid carp can only be assessed after careful
examination of changes in the aquatic macrophyte populations.
Standing crop estimates alone may not reflect the total effect of
herbivorous fish; therefore, it is appropriate to supplement those
measurements with information concerning production and mortality
(particularly mortality) of aquatic macrophytes.
METHODS
Standing crop biomass, i.e., the combined weights of the collected
roots, stems, and leaves, alive or dead, of the aquatic macrophytes
was measured by quadrat sampling. Samples were collected from 16
ponds between 1 May and 15 October 1982. The intensive study ponds
(4, 6, 8, 10, and 12) were sampled four times (May, June, August,
and September) and Utterback ponds (1, 2, and 3) were sampled three
times (May, June, and September). Using the previously established
stratified sampling design, six samples were collected from all
auxiliary and intensive study ponds and eight samples from each of
the three Utterback ponds. The major species in each sample was
recorded but samples were not sorted by species prior to weighing.
Fresh wet weight was measured; dry and ashfree dry weights were
calculated using previously determined conversion ratios. Methods
of calculating and processing samples were those used in previous
years; for details see Gorden et al. (1981) and Gorden et al.
(1982). All results are expressed in g dry weight m- 3 .
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Baseline data were collected on ponds (1, 2, 3, 8, 10, and 12) in
1980; no treatments were applied. In 1981 two ponds received a
herbicide application (ponds 3 and 12), two received hybrid carp
treatment (ponds 1 and 10) and two received no treatment (ponds 2
and 8). In 1982, all auxiliary ponds (la, 3a, 7, 9, 11, 14, 15, and
16) and two intensive study ponds (4 and 6) were added to the study;
ponds 2, 3, 8, and 12 served as controls (no treatment) and all
other ponds received hybrid carp and/or grass carp treatment.
In addition to estimates of standing crop, in 1982 measurements of
plant production and mortality were made using a hierarchical cohort
method (Carpenter 1980). This method uses net production of shoots
and subunit mortality to measure mortality and net production. Net
shoot production (and mortality) measurements were made by
enumerating shoots within a given area (0.25 m2 for our study) and
subsampling those shoots for examination of leaves and branches
(subunits). Each species cohort within the sample area was counted
and 10-15 shoots were selected as a subsample; those shoots were
examined for subunits present and lost and then separated into
shoot, leaf and branch subunits for weighing. For details on
methodology and general considerations see Carpenter (1980). A
stratified sampling design was used in collecting six samples (three
from each strata) from a control pond (8) and a carp pond (10) for
analysis. Collections were made five times in Pond 8 and 10 times
in Pond 10 between 20 May and 22 September 1982. These samples were
collected in addition to those collected for standing crop
estimates.
Statistical analyses of standing crop data included analysis of
variance (ANOVA) and Duncan's a posteriori test. Tests for each
pond (with 3 years of data) included comparisons of each year to
other years and all 3 years simultaneously using all samples.
Comparisons were also made between June samples of each year,
generally representing maximum plant biomass, and September samples
of each year. These statistical analyses were used only on standing
crop measurements that were properly weighted based on the
stratified sampling design. No statistical analyses were used to
analyze the production and mortality estimates. Pearson correlation
analysis was used in establishing linear relationships between
chlorophyll a and certain water chemistry parameters and macrophyte
standing crop. All results are reported at P<0.05 unless otherwise
stated.
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RESULTS
Impacts of the hybrid carp on macrophyte standing crops were clearly
evident in both treatment ponds. There were significant declines in
all years in Pond 1 which was stocked with 6 kg ha-1 of hybrid carp
in 1981 (Table 1); when September samples were compared, 1981 and
1982 were significantly lower than 1980, the control year (Fig. 1).
When September samples were compared between years in Pond 10, also
initially stocked with hybrids at 6 kg ha - 1 , the biomass was lower
than other years (Table 2). Results of the ANOVA tests are
supported by graphic representations of biomass estimates (Figs. 2
and 3).
Control ponds showed few similarities. Regardless of the level of
peak standing crop in Pond 2, each year there has been a progressive
seasonal decline in biomass and little or no autumn recovery (Tables
1 and 2, Figs. 4 and 5). Two years of data from Pond 8 (1980 and
1982) show the usual June peak, subsequent decline, and autumn
recovery; but in 1981 biomass steadily increased. Ponds 12 and 3
showed dramatic decreases in biomass in 1981 due to herbicide
treatment but showed normal development of macrophyte standing crop
in other years (Table 1; Figs. 6 and 7).
Results of correlation analysis indicated there was an inverse
relationship between macrophyte standing crop and chlorophyll a.
This relationship was seen when data from all ponds in all years
were combined (p = 0.00023, r = -0.29), and in selected ponds in
1982: control ponds 8 and 12 (p = 0.24, r = -0.93; p = 0.30, r =
-0.89) and carp pond 10 (p = 0.28, 4 = -0.72). Other water
chemistry parameters tested showed no consistent relationships with
macrophyte standing crop.
Net shoot production/mortality studies showed that the carp pond
(10) had higher plant biomass (production) for species studied than
did the control pond (8) (Tables 3 and 4). Standing crop data
supported this result (Figs. 2 and 4, Table 2). Net shoot studies
also showed that Pond 10 had higher absolute mortality rates than
did Pond 8.
Assuming that differences in weight-specific (per capita) macrophyte
mortality between adjacent carp and control ponds were due primarily
to carp foraging, cumulative mortality schedules for macrophytes can
be compared to estimate the magnitude of additional mortality due to
hybrid carp feeding (Figs. 4 and 5). From this comparison it can be
seen that for cohort 1 of both Potamogeton crispus and Najas
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flexilis, hybrid carp significantly increased mortality rates during
the early (non-senescing) portion of the cohort life span. During
the first half of the cohort lifespan, mortality of P. crispus and
N. flexilis increased 300% and 421%, respectively, in the pond
containing hybrid carp. This increased mortality in Pond 10 was
equivalent to 48,835 g (fresh weight) in cropped P. crispus from 1
May to 14 June and 29,627 g cropped of N. flexilis from 20 May to 15
July.
Since Pond 10 was stocked with 21 hybrids having an average weight
of 322 g, estimated consumption for fish based on observed plant
mortality was approximately 52 g/day, an amount equivalent to 13-16%
body weight/day (depending upon growth assumptions) at an average
water temperature of 21°C. This estimate compares favorably with the
daily ration observed in the laboratory feeding studies of 13 and
18% at 19 and 22 0 C, respectively (see Chapter 2).
DISCUSSION
It is clear from both the standing crop and net shoot data that the
hybrid carp are reducing the standing crop biomass in our treatment
ponds. In both treatment ponds there has been a progressive
reduction in final standing crop biomass. Reduction of peak standing
crop (June) has been accomplished in Pond 1 but not in Pond 10 for
the following reasons: (1) Pond 10 is drained and restocked each
year, whereas the carp are left in year-round in Pond 1; and (2)
Pond 10 macrophyte production in 1982 was double that of 1980 or
1981.
Mortality estimates also dramatically illustrate the impact of the
carp. In instances when cohort mortality could be compared without
concern for masking by natural senescence, mortality was at least
three times higher for both Potomageton crispus and Najas flexilis
(cohort 1) in the ponds containing hybrid carp.
No treatment was applied in ponds 12 or 3 in 1982 and for that
reason they were considered additional control ponds. It is
apparent from the standing crop data that there was no adverse
residual effect of the herbicides with which they were treated the
previous year; standing crops in 1982 returned to 1980 levels. We
would expect no residual effect on macrophytes from potassium
endothall, but it has been claimed that simazine can have a residual
effect 1 or more years post-treatment.
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The pattern of development for macrophytes in Pond 8 (control) in
1982 was quite similar to that in 1980 but the magnitude of
development was far below that of 1980. In August 1982, standing
crop dropped to nearly zero which is abnormally low. Previous
studies have demonstrated an inverse relationship between algae and
macrophyte standing crops (Landers 1982, Gorden et al. 1982) and
Pond 8 in 1982 followed this pattern. In mid-August macrophytes
reached their lowest level (1.85 g m- 3 ) and chlorophyll a, a measure
of algal biomass, had just passed its peak (32.0 mg m-3). The
development of the phytoplankton bloom almost certainly contributed
to the demise of the macrophytes. July is a particularly critical
time for the development of the first cohort of Najas spp. and the
second cohort of Potamogeton crispus and during that time the
phytoplankton bloom was rising constantly. Data from our
sedimentation study also indicate an increased level of organic and
inorganic matter settling out of the water during August. This
increased sedimentation coincides with high chlorophyll a levels and
high extinction coefficients, all of which contribute to a general
lack of clarity in the water producing stressful conditions for
developing plants.
In conclusion, the controlling potential of the hybrid carp are
demonstrated in our standing crop and net shoot data. In order to
achieve a higher level of control than reported here, increased
stocking rates will be necessary. It is clear from our data that
macrophyte populations can be affected dramatically by a number of
environmental factors. In order to delineate carp effects from
other factors it has been and will continue to be necessary to
study several control ponds as well as several treatment ponds.
The addition of our production/mortality studies have added greatly
to our ability to assess the effects of hybrid carp as well as to
understand macrophyte population dynamics. Continuation and
expansion of these studies will yield information on population
dynamics, life history, and ecology of aquatic macrophytes that we
do not presently possess. This information will aid in development
of appropriate and effective management strategies.
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Table 1. Results of ANOVA and Duncan's test comparing all combinations of
years and comparing June and September samples of each year for ponds 1,
2, and 3.
Results of
Duncan's test
Sample Results
Pond Years dates of ANOVA Low High
1 1980/1981 All P=.024 1980 vs 1981
1981/1982 All P=.019 1982 vs 1981
1980/1982 All P=.73
1980-1982 All P=.044 1980 & 1982 vs 1982 & 1981
1980-1982 June only P=.044 1980 & 1982 vs 1981
1980-1982 Sept only P=.002 1982 & 1981 vs 1980
2 1980/1981 All P=.64
1981/1982 All P=.000 1981 vs 1982
1980/1982 All P=.000 1980 vs 1982
1980-1982 All P=.000 1980 & 1981 vs 1982
1980-1982 June only P=.018 1981 & 1980 vs 1980 & 1982
1980-1982 Sept only P=.0007 1980 & 1981 vs 1982
3 1980/1981 All P=.20
1981/1982 All P=.000 1981 vs 1982
1980/1982 All P=.0025 1980 vs 1982
1980-1982 All P=.0002 1980 & 1981 vs 1982
1980-1982 June only P=.000 1980 vs 1982 & 1981
1980-1982 Sept only P=.003 1981 vs 1982 & 1980
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Table 2. Results of ANOVA and Duncan's test comparing all combinations
of years and comparing June and September samples of each year for ponds 8, 10
and 12.
Results of
Duncan's test
Sample Results
Pond Years dates of ANOVA Low High
8 1980/1981 All P=.30
1981/1982 All P=.03 1982 vs 1981
1980/1982 All P=.0021 1982 vs 1980
1980-1982 All P=.013 1982 vs 1981 & 1980
1980-1982 June only P=.11
1980-1982 Sept only P=.003 1982 & 1980 vs 1980 & 1981
10 1980/1981 All P=.69
1981/1982 All P=.28
1980/1982 All P=.17
1980-1982 All P=.37
1980-1982 June only P=.004 1980 & 1981 vs 1982
1980-1982 Sept only P=.031 1982 & 1980 vs 1980 & 1981
12 1980/1981 All P=.0015 1981 vs 1980
1981/1982 All P=.000 1981 vs 1982
1980/1982 All P=.21
1980-1982 All P=.000 1981 vs 1980 & 1982
1980-1982 June only P=.98
1980-1982 Sept only P=.003 1981 vs 1980 & 1982
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Table 3. Mean, peak and final
for six ponds studied 3 years.
standing crop biomass (g dry weight m -3 )
Mean June September
Pond Year n biomass biomass biomass Treatment
1 1980 83 62.58 77.83 75.81 None
1981 56 82.17 124.97 47.13 Carp
1982 24 65.77 78.10 21.87 Carp
2 1980 60 27.83 66.17 2.21 None
1981 49 23.70 36.09- 5.46 None
1982 21 114.60 135.35 16.88 None
3 1980 54 43.85 46.67 53.44 None
1981 56 35.09 119.55 0 Herbicide
1982 24 70.40 95.96 51.24 None
8 1980 27 87.55 136.77 71.14 None
1981 42 72.74 63.16 116.77 None
1982 24 42.01 71.80 39.27 None
10 1980 27 103.78 82.62 132.72 None
1981 42 109.53 86.58 150.48 Carp
1982 24 125.95 194.12 109.27 Carp
12 1980 27 92.87 108.18 138.17 None
1981 42 42.88 104.38 14.79 Herbicide
1982 24 114.76 102.68 152.34 None
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Table 4. Mortality and biomass estimates for all species in the control
pond (8). All data expressed as grams (fresh weight) plant m-2 .
Mortality Biomass Mortality/
Species Cohort Date (g plant) (g plant) biomass (M/B)
5/20
6/17
7/27
8/11
9/07
6/17
7/27
8/11
Najas flexilis
2 9/07
Najas minor
Sagittaria
calycina
Potamogeton
pectinatus
6/17
7/27
8/11
9/07
2 9/07
1 8/11
2 8/11
1 7/27
Potamogeton
crispus 1.56
79.20
6.56
0.84
15.20
0.60
2.08
13.64
6.12
0.68
18.00
111.60 .
23.24
0.08
14.88
3.04
0.44
32.24
128.24
13.16
1.44
64.40
40.96
13.76
14.00
11.76
12.76
20.28
250.16
36.28
6.04
24.32
2.76
1.48
0.05
0.62
0.50
0.58
0.33
0.01
0.15
0.98
0.52
0.05
0.89
0.45
0.64
0.01
0.61
1.10
0.29
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Table 5. Mortality and biomass estimates for all species in the carp
treatment pond (10). All data expressed as grams (fresh weight) plant m- 2 .
Mortality Biomass Mortality/
Species Cohort Date (g plant) (g plant) biomass (M/B)
Potamogeton
crispus 5/20
6/03
6/17
6/24
7/08
7/28
2 8/11
8/24
9/09
9/22
Naias flexilis
Sagittaria
calycina
9/09
9/22
5/20
6/03
6/17
6/24
7/08
7/28
8/11
8/24
9/09
9/22
9/09
9/22
7/28
8/11
27.28
29.52
52.24
95.72
334.20
54.40
3.08
13.04
4.68
113.56
4.44
25.52
0.12
0.64
9.36
1.44
128.68
108.24
37.60,
29.32
37.56
139.80
0.08
12.40
12.00
3.92
267.32
468.68
508.12
719.52
304.84
42.760
10.56
79.08
114.12
240.28
50.00
52.96
2.36
6.28
25.76
21.32
326.58
150.24
128.64
122.76
132.80
181.28
8.08
31.00
14.00
3.92
0.10
0.06
0.10
0.15
1.10
1.27
0.29
0.17
0.04
0.47
0.09
0.48
0.06
0.10
0.36
0.07
0.39
0.72
0.29
0.24
0.28
0.77
0.01
0.40
0.86
1.00
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Table 6. Mortality and growth rates for each species cohort sampled
during net shoot studies. Rates are in units of g plant (fresh weight) m- 2
day-1 .
Control Pond (8) Carp Pond (10)
Mortality Growth Mortality Growth
Species Cohort rate rate rate rate
1 2.88
2 0.48
3 1.00
all 1.76
1 0.44
2 0.40
all 0.44
2
all
1
2
all
P. pectinatus
1.00
0.20
1.20
1.88
0.04
1.88
1(all) 0.04
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P. crispus
N. flexilis
S. calycina
8.60
3.20
2.32
6.08
3.96
0.96
4.04
0.96
0.32
0.64
32.12
10.56
7.92
22.12
8.80
3.00
9.08
1.00
0.32
0.68
5.72
0.96
4,,28
4.12
1.72
0.80
1.48
1.64
0.16
1.80
3.88
0.40
3.96
1.00
N. minor
Table 7. Ratio of net production to maximum standing crop (P/Bmax) and
mortality to maximum standing crop (M/Bmax) for each species sampled during
net shoot studies. Production, mortality and biomass are expressed as g
plant.
Control Pond (8) Carp Pond (10)
Species P/Bmax M/Bmax P/Bmax M/Bmax
P. crispus 1.56 0.80 1.83 1.05
N. flexilis 1.83 0.55 2.20 1.55
N. minor 0.83 0.61
S. calycina 2.32 0.66 2.42 1.14
P. pectinatus 1.30 0.29
All 1.54 1.02 3.18 1.98
Table 8. Mortality (g plant) in control and carp ponds adjusted for
biomass (M/B) for species and dates that coincide.
Mortality/biomass (g plant)
Carp Pond Control
Species Cohort Date (10) Pond (8) Carp - Control
P. crispus 1 5/20 0.10 0.05 0.05
6/17 0.10 0.62 -0.52
2 8/11 0.29 0.58 -0.29
3 9/7 0.09 0.24 -0.15
N. flexilis 1 6/17 0.36 0.01 0.35
7/27 0.72 0.15 0.57
8/11 0.29 0.96 -0.69
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Figure 1. September macrophyte biomass in Pond 1 (Utterback
site). Hybrid carp were stocked in May 1981 at a rate of 6 kg/ha
(48 fish) and a mean size of 59 g.
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Figure 2. Total macrophyte biomass (g dry weight m- 3 ) in Pond
1, carp treatment, for 3 years; 1980 (- ), 1981 (------), and
1982 ( -- ).
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Figure 3. Total macrophyte biomass (g dry weight m- 3 ) in Pond
10, carp treatment, for 3 years; 1980 ( ), 1981 (------ ), and
1982 (- --- ).
-65-
I
I I IR
JUN JUL RUG
Figure 4. Total macrophyte biomass (g
2, control, for 3 years; 1980 --- ),
160
140 -
120 -
100 -
80 -
60 -
40 -
20 -
I I I I
MAY JUN JUL AUG
dry weight m- 3 ) in Pond
1981 (---), and 1982
SEP
OCT
OCT
Figure 5. Total macrophyte biomass (g dry weight m- 3 ) in Pond
8, control, for 3 years; 1980 (- ), 1981 ( --- ), and 1982(---66-)
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Figure 6. Total macrophyte biomass (g dry weight m- 3 ) in Pond3, herbicide treatment, tor 3 years; 1980 (- ) 1981 ---
and 1982 (----).
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Figure 7. Total macrophyte biomass (g
12, herbicide treatment, for 3 years; 1980
and 1982 (---).
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Figure 8 . Comparison of weight specific cumulative mortality
schedules for adjacent ponds with and without age II+ hybrid carp.
(a) Potamogeton crispus; (b) Najas flexilis. The difference
between carp and control pond curves is an estimate of per capita
mortality due to hybrid foraging.
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Chapter 7
IMPACT OF HYBRID CARP ON WATER CHEMISTRY
by
Stephen W. Waite
INTRODUCTION
This investigation was designed to address the practicality of using
a supposedly sterile hybrid of the grass and bighead carps to
control aquatic macrophyte communities, particularly problem
submergent species, in Illinois. Biological control agents, such as
large herbivorous fish, may act as additional storage units in food
chains and thereby serve to alter rates and direction of nutrient
pathflows.
Grazing activities of the hybrid carp and the subsequent excretion
of nutrients and egestion of partially digested plant parts, which
can be easily remineralized, may alter or redirect nutrient flow to
primary producers (algae and macrophytes). One of our original
hypotheses was that carp feces would be quickly mineralized and
nutrients made available to planktonic algae residing in the water
column. Observations of fecal packets egested from the carp in
laboratory feeding studies (Chapter 2), however, support the
contention that these materials settle very quickly and
remineralization would occur mostly on bottom substrates with
nutrients being made available to submergent and emergent plants via
root absorption. Additional detrital accumulation on the sediment
may also be reflected in altered phytoplankton, zooplankton, and
benthic community respiration and production.
The purpose of this analysis of certain physicochemical parameters,
which describe water and nutrient chemistry, was to assess the
effects, if any, of the presence of actively grazing herbivorous
carps in ponds containing a balanced sport fishery. A primary
question was whether increased cropping of plants shunted available
nutrients toward pelagic-grazing food chains or toward
substrate-detrital based food webs. Second, it was necessary to
determine if there were possible detrimental levels of certain
parameters that could affect the ecology or physiology of key biotic
constituents.
METHODS
Duplicate columnar water samples (depth-integrated) were collected
biweekly at both intensive ponds (4, 6, 8, 10, and 12) and auxiliary
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ponds (la, 3a, 7, 9, 11, 14, 15, 16) at the Annex pond facility from
late May to late September 1982. Water samples were collected three
times (May, July, and September 1982) from ponds 1, 2, and 3 at the
Utterback Complex. Parameters measured in situ at the time of
collection included surface water temperature, dissolved oxygen
concentrations, hydrogen ion concentration (pH), conductivity, light
extinction coefficients, and alkalinity. Other collections for
carbon, nitrogen, and phosphorus were preserved according to APHA et
al. (1976) methodologies and transported to the INHS Water Chemistry
Laboratory for analyses. Methodologies and equipment used and a
complete list of all physicochemical parameters tested are given in
Table 1. All samples were collected and measurements taken between
0800 and 1400 hours.
RESULTS AND DISCUSSION
The following presentation of results will center on data from
intensive study ponds 4, 6, 8, 10, and 12 at the INHS Annex pond
site. Data analyses of auxiliary ponds and ponds at the Utterback
complex will be incorporated within the final report.
Field Measurements
The fact that all intensive study pond basins are morphologically
similar was reflected in the virtual similarity of surface
temperatures during the study period (Table 2). The few variations
were attributed to differences in volume due to variable rates of
pond leakage and to instances when colder make-up water was added to
maintain constant pond volumes.
Surface dissolved oxygen in all ponds was high in late spring (8.9
ppm in pond 8 and 11.65 ppm in pond 12), decreased to mid-summer
lows of 3.45 ppm at pond 8 to 7.05 ppm in pond 12, and then
increased again in fall. Seasonal mean surface dissolved oxygen
concentrations ranged from 6.93 ppm in pond 8 to 9.08 ppm in pond 12
(Table 2). Control ponds provided both maximum and minimum values
of all intensive study ponds.
Bottom dissolved oxygen concentration trends generally followed
those of the surface; values were within 2 ppm of the surface
concentrations. Water samples were measured during mid-morning.
There appeared to be little evidence of vertical stratification
in the ponds with regard to oxygen, except in pond 8 where values
reached lows of 3.0 and 0.6 ppm in early and late August,
respectively. The seasonal mean oxygen concentration at the bottom
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for each pond ranged from 5.73 ppm (pond 8) to 8.31 ppm (pond 4).
Seasonal variation was not significant in ponds 6 and 8.
Mean seasonal hydrogen ion concentration (pH) ranged from 8.29 in
pond 8 to 8.95 in pond 12. Of the 45 measurements taken at all
ponds during 1982, 11 were less than 8.0 and 12 were greater than
9.0. The seasonal effect was significant (P<0.05) for all ponds.
Seasonal trends with regard to increases or decreases through time
were not distinguishable, probably due to in-pond variability and
in the time of day that the pond was sampled.
Carbon dioxide levels were extremely variable, both within ponds and
between ponds. Values were less than 1 mg/l from late May to early
July, and after that date some values remained low (<3 mg/1) while
others rose to 18 mg/l. Biweekly values at pond 12 rarely exceeded
0.5 mg/l and on only one date was the value above 1.0 mg/l. The
highest seasonal mean was in pond 8 with 4.44 mg/l. The value of
3.65 mg/l at pond 6 in late May was probably erroneous. In early
August, carbon dioxide levels were relatively high with values of
16.95, 18.5, and 12.15 mg/l in ponds 4, 8, and 10, respectively.
Alkalinity was also extremely variable with few seasonal trends.
Values recorded during the season at ponds 4, 6, and 12 never
exceeded 200 mg/l, while in ponds 8 and 10 alkalinity exceeded 200
mg/l on five of nine occasions. Seasonal mean alkalinity ranged
from 138 to 161 mg/l and the variation due to seasonal effects was
significant for each pond.
The vertical extinction coefficient generally increased with time,
that is, waters became more turbid, except in pond 12 where values
decreased from late May to late June and then increased during the
rest of the study period. Seasonal mean values ranged from 1.8
(pond 4) to 2.46 (pond 12). Seasonal means were virtually the same
for ponds 8 and 12 with carp ponds 4, 6, and 10 having less
turbidity.
Data were extremely variable for specific conductance as well as
total dissolved solids, which are causally related. Seasonal mean
conductance ranged from 293 (pond 6) to 332 pohms/cm (pond 10).
Seasonal effects were significant in all ponds except pond 4.
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Nutrients
The seasonal mean of total organic carbon (particulate plus
dissolved) ranged from 11.5 mg/1 in pond 4 to 16.8 mg/l in pond 8
(Table 3). All ponds had a synchronous gradual increase from late
spring to early July, followed by a gradual decrease in early fall.
Differences of both dissolved organic carbon and total organic
carbon across all ponds were significant for each of the six study
periods.
Seasonal mean inorganic carbon values were virtually the same in
ponds 8 and 10 (31.4 and 31.7 mg/l, respectively), and similar in
ponds 4 and 6 (28.3 and 27.1 mg/1). Pond 12 had the lowest seasonal
mean with 24.3 mg/l. No specific trends were observed for values
within or between ponds. However, values of inorganic carbon were
significantly different across all ponds for all study periods.
The seasonal effect was significant for soluble orthophosphate in
all ponds except pond 8. Seasonal means ranged from 0.03 to 0.05
mg/l, while individual values varied from 0.01 mg/1 (ponds 4, 8, and
10) to 0.13 mg/1 in pond 6. All ponds had the same basic trend of a
gradual increase from late spring to late July, followed by a sharp
decline and continued low values to the end of the study period.
With the exception of the late August sample period, there were no
significant differences across all ponds each sample date.
The seasonal mean of total phosphorus varied from 0.09 mg/l in pond
4 to 0.13 mg/l in pond 6. The seasonal effect was significant only
in ponds 4 and 6. Overall, individual sample values ranged from
0.05 mg/l in ponds 4 and 10 to 0.22 mg/1 in pond 6. Generally,
values in all ponds increased gradually to a peak in late July,
decreased sharply in late July and then increased slightly again in
the fall. Differences across all ponds were significant only during
the two August sampling periods.
The seasonal effect on nitrates was significant only for ponds 6 and
12. Seasonal means were the same (0.03 mg/1) for ponds 6, 8, 10,
and 12, and the highest average was 0.05 mg/1 for pond 4.
Individual values ranged from 0.02 mg/1 in all ponds to 0.21 mg/l in
pond 4 (early June). Intra-pond differences were not significant
for the entire study period.
Virtually all individual values, as well as seasonal means, were the
same for nitrites (0.01 mg/l, the level of detection). Season had
no apparent effect nor were there significant differences across
ponds for all sample dates.
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Seasonal mean ammonia concentrations ranged from 0.05 mg/l in pond 4
to 0.18 mg/l in pond 8 with the remaining three ponds virtually the
same (0.10 to 0.11 mg/1). Seasonal effect was significant for ponds
4, 8, and 10. The fact that pond 8 clearly had higher values is
supported by an analysis of variance across all ponds by date, which
showed a significant variation. Ammonia values were highest in pond
8 in early August (0.29 mg/1).
For the sake of brevity, interpretations of water chemistry data
within each pond were not discussed here. There are several general
observations that are pertinent to determining the effects of hybrid
carp on the experimental pond ecosystems.
The seasonal mean vertical extinction coefficient was greatest (and
virtually the same) in the control ponds (8 and 12). Carp ponds 4,
6, and 10, with lower coefficients, were less turbid in the pelagic
vertical water column. These results were not consistent with every
sampling date, but during 7 of 9 periods one or both control ponds
had the highest coefficient.
Analyses of nutrients and other physicochemical parameters showed
that the two control ponds in many. cases defined the range for each
sampling date, that is, values for ponds stocked with hybrid carp
fell between those of the control ponds. During segment 2, pond 12
received an application of simazine to control algae and macrophyte
communities as part of a study comparing the effects of two types of
aquatic herbicides. In 1982, pond 12 was used as a control while
recognizing that its limnological history varied considerably from
the original control pond 8. Since most water quality
measurements in carp ponds were within the range of control ponds
(except vertical extinction coefficient), the hybrid carp (at the
size and stocking density used) appeared to have little impact on
water chemistry.
LITERATURE CITED
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Table 1. Water chemistry and physical methodologies.
Parameter Method
Dissolved oxygen
Water temperature
Hydrogen ion concentration (pH)
Turbidity (JTU)
Solar radiation (megajoules m-2 )
Total alkalinity (as CaCO 3 )
Free carbon dioxide
Specific conductance (umho/cm
at 150 C)
Total dissolved solids (as NaCI)
EDTA hardness (as CaC03)
Total phosphorus
Soluble orthophosphate
Ammonia nitrogen
Nitrate nitrogen
Nitrite nitrogen
Organic carbon (total,
particulate, dissolved)
YSI Model 97 dissolved oxygen-
temperature meter
Same as above; maximum/minimum
thermometry
Sargent-Welch Model PBX meter
Monitek Model 150 turbidimeter
Licor global pyranometer with
printing integrator
Potentiometric titration
Titrimetric and nomographic methods
YSI Model SCT meter
By calculation from specific
conductance
EDTA colorimetric method-autoanalyzer
Stannous chloride method
Same as above
Modified phenate method-autoanalyzer
Cadmium reduction method-autoanalyzer
Diazotization method-autoanalyzer
Direct injection with Oceanography
International carbon system
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Table 2. Seasonal changes in water quality parameters measured in
intensive ponds 4, 6, 8, 10, and 12 during 1982.
Parameter 4 6 8 10 12
Surface Temperature
Late May 21.6 21.6 20.7 21.3 21.5
Early June 26.1 25.5 21.8 24.7 25.3
Late June 25.9 25.7 25.5 25.3 24.7
Early July 25.0 25.7 25.3 26.5 26.5
Late July 21.4 21.3 25.8 22.1 22.2
Early August 22.9 22.6 22.2 24.8 23.8
Late August 22.0 22.0 23.2 22.5 22.5
Early September 15.8 16.0 22.0 17.5 16.6
Late September -- -- 16.3 -- --
Seasonal Mean 22.6 22.6 22.5 23.1 22.9
Surface Dissolved
Oxygen (D.O.)
Late May 10.45 8.40 8.90 11.65 11.05
Early June 9.15 10.25 10.15 11.15 10.50
Late June 7.90 9.00 7.10 7.40 7.30
Early July 9.30 9.65 6.60 6.30 8.95
Late July 5.90 5.55 6.05 5.55 8.15
Early August 5.30 6.05 3.45 4.05 7.05
Late August 7.90 8.55 2.95 5.40 9.15
Early September 8.60 8.70 7.15 6.45 9.20
Late September 8.75 8.90 10.05 8.75 10.40
Seasonal Mean 8.14 8.34 6.93 7.41 9.08
Bottom D.O.
Late May 10.60 6.55 5.80 11.35 11.65
Early June 7.95 8.35 7.10 9.50 1.30
Late June 8.15 8.00 7.05 7.80 8.15
Early July 10.30 7.10 3.95 4.15 7.40
Late July 6.10 5.95 6.65 4.90 9.40
Early August 5.40 6.25 3.00 3.80 7.85
Late August 8.05 8.05 0.60 5.50 9.50
Early September 9.25 6.90 5.15 8.25 11.20
Late September 8.95 8.80 9.70 9.75 11.40
Seasonal Mean 8.31 7.33 5.73 7.22 8.65
Mean D.O.
Late May 10.55 7.85 8.25 11.65 11.35
Early June 9.05 9.35 9.95 11.35 7.40
Late June 8.15 8.80 7.05 7.50 7.70
Early July 9.80 8.80 5.75 5.75 8.30
Late July 6.05 5.75 6.25 5.20 8.75
Early August 5.25 6.15 3.20 3.85 7.35
Late August 7.90 8.25 2.60 5.35 9.30
Early September 8.85 8.55 6.45 7.15 10.15
Late September 8.80 8.90 9.95 11.45 10.75
Seasonal Mean 8.27 8.04 6.61 7.69 9.01
pH
Late May 9.22 7.88 9.26 9.55 8.95
Early June 9.02 8.55 9.39 9.81 9.15
Late June 8.52 9.40 8.87 9.34 9.41
Early July 8.06 8.88 8.06 8.34 8.26
Late July 7.88 9.01 7.99 7.53 8.94
Early August 7.22 8.37 7.20 7.43 8.51
Late August 8.02 8.81 7.79 7.97 8.94
Early September 8.41 8.66 7.68 7.73 8.83
Late September 8.96 9.25 8.41 8.40 9.50
Seasonal Mean 8.37 8.76 8.29 8.46 8.95
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Table 2 (continued)
Parameter 4 6 8 10 12
Carbon Dioxide
Late May 0.16 3.65 0.14 0.10 0.26
Early June 0.19 0.70 0.11 0.00 0.15
Late June 0.63 0.11 0.31 0.12 0.10
Early July 2.10 0.25 2.20 1.20 1.30
Late July 3.15 0.24 2.95 8.50 0.29
Early August 16.95 1.08 18.50 12.15 0.77
Late August 4.02 0.61 6.90 4.30 0.36
Early September 1.23 0.63 7.55 7.30 0.41
Late September 0.32 0.18 1.35 1.02 0.13
Seasonal Mean 3.19 0.83 4.44 3.85 0.42
Alkalinity
Late May 106 141 108 112 117
Early June 106 130 105 109 110
Late June 121 108 116 108 110
Early July 137 116 139 127 109
Late July 130 118 157 152 122
Early August 145 132 163 173 131
Late August 187 199 137 241 165
Early September 161 157 203 223 149
Late September 160 150 175 209 145
Seasonal Mean 139 139 156 161 128
Total Dissolved
Solids
Late May 228 261 210 224 254
Early June 218 244 214 219 258
Late June 238 229 221 220 231
Early July 248 204 234 231 228
Late July 216 219 258 257 233
Early August 229 194 239 248 204
Late August 225 207 256 258 202
Early September 217 215 302 299 229
Late September 219 197 236 260 207
Seasonal Mean 226 219 241 246 227
Specific Conductance
Late May 306 353 282 301 343
Early June 293 329 288 295 349
Late June 320 307 297 296 312
Early July 335 273 316 311 307
Late July 290 294 349 347 314
Early August 308 260 322 335 274
Late August 303 277 346 349 270
Early September 291 289 410 406 309
Late September 295 264 318 352 278
Seasonal Mean 304 294 325 332 306
Vertical Extinction
Coefficient
Late May 1.56 1.45 1.78 1.32 2.66
Early June 1.55 1.84 1.79 1.47 1.67
Late June 1.36 1.35 2.05 1.61 1.27
Early July 1.17 2.32 2.46 2.33 2.00
Late July 1.70 2.25 2.59 1.62 1.79
Early August 2.42 2.96 3.19 1.98 2.72
Late August 2.23 3.08 2.95 2.44 3.16
Early September 2.00 2.45 2.68 2.39 2.71
Late September 2.16 3.67 2.55 2.56 4.11
Seasonal Mean 1.80 2.37 2.45 1.97 2.46
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Table 3. Seasonal changes in nutrient concentrations in the intensive
study ponds 4, 6, 8, 10, and 12 in 1982.
Parameter 4 6 8 10 12
Total organic carbon
Late May 8.85 9.10 7.80 8.35 8.80
Early June 12.20 14.00 16.15 12.15 12.10
Late June 10.95 11.95 16.05 13.55 11.35
Early July 19.80 18.10 24.70 20.10 17.20
Late July 12.15 18.90 26.00 18.25 15.95
Early August 9.70 14.40 16.50 14.15 14.00
Late August 10.80 13.95 16.35 12.70 14.20
Early September 9.30 14.55 13.25 13.60 14.70
Late September 9.85 16.00 14.55 11.75 13.70
Seasonal Mean 11.51 14.55 16.82 13.84 13.56
Particulate organic
carbon
Late May 0.50 1.10 0.40 2.90 4.45
Early June 1.15 2.35 2.70 0.90 1.50
Late June 0.60 0.55 0.95 1.30 0.25
Early July 4.65 5.00 6.90 6.15 5.10
Late July 0.90 4.30 6.25 2.70 2.75
Early August 1.20 2.45 2.70 2.60 1.35
Late August 0.75 3.55 3.45 1.80 2.25
Early September 1.70 3.35 0.95 1.40 2.20
Late September 0.30 3.30 0.65 1.60 1.85
Seasonal Mean 1.31 2.88 2.77 2.37 2.41
Dissolved organic
carbon
Late May 8.35 8.00 7.40 5.45 4.35
Early June 11.05 11.65 13.45 11.25 10.60
Late June 10.35 11.40 15.10 12.25 11.10
Early July 15.15 13.10 17.80 13.95 12.10
Late July 11.25 14.60 19.75 15.55 13.20
Early August 8.50 11.95 13.80 11.55 12.65
Late August 10.05 10.40 12.90 10.90 11.95
Early September 7.60 11.20 12.30 12.20 12.50
Late September 9.55 12.70 13.90 10.15 11.85
Seasonal Mean 10.21 11.67 14.04 11.47 11.14
Inorganic carbon
Late May 24.50 39.95 26.35 23.75 29.15
Early June 22.10 31.45 20.70 18.10 22.85
Late June 28.20 19.60 25.40 20.10 22.10
Early July 28.40 18.40 29.05 24.95 20.50
Late July 28.25 25.25 34.05 35.20 24.00Early August 34.95 28.40 38.35 40.55 27.80
Late August 31.60 28.05 40.25 40.15 26.05
Early September 28.95 24.95 33.65 42.15 21.95
Late September 28.40 27.45 35.65 41.15 24.60
Seasonal Mean 28.37 27.06 31.49 31.79 24.33
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Table 3 (continued).
Parameter 4 6 8 10 12
Total phosphorus
Late May 0.10 0.09 0.09 0.11 0.11
Early June 0.09 0.11 0.09 0.11 0.09
Late June 0.09 0.13 0.10 0.10 0.11
Early July 0.08 0.17 0.15 0.13 0.12
Late July 0.17 0.22 0.16 0.13 0.18
Early August 0.05 0.09 0.06 0.06 0.06
Late August 0.05 0.08 0.07 0.05 0.07
Early September 0.11 0.15 0.13 0.12 0.14
Late September 0.11 0.14 0.15 0.12 0.14
Seasonal Mean 0.09 0.13 0.11 0.10 0.11
Soluble orthophosphate
Late May 0.04 0.02 0.03 0.04 0.04
Early June 0.04 0.04 0.05 0.06 0.05
Late June 0.05 0.09 0.07 0.07 0.06
Early July 0.03 0.11 0.09 0.08 0.07
Late July 0.10 0.13 0.09 0.08 0.12
Early August 0.01 0.02 0.03 0.01 0.02
Late August 0.01 0.02 0.02 0.01 0.02
Early September 0.01 0.02 0.01 0.02 0.02
Late September 0.01 0.02 0.02 0.01 0.02
Seasonal Mean 0.03 0.02 0.05 0.04 0.05
Nitrate
Late May 0.10 0.06 0.06 0.06 0.07
Early June 0.02 0.02 0.02 0.02 0.02
Late June 0.21 0.02 0.02 0.02 0.04
Early July 0.02 0.04 0.02 0.02 0.02
Late July 0.03 0.03 0.03 0.03 0.03
Early August 0.02 0.02 0.02 0.02 0.02
Late August 0.03 0.03 0.03 0.03 0.03
Early September 0.03 0.03 0.03 0.03 0.03
Late September 0.02 0.02 0.02 0.02 0.02
Seasonal Mean 0.05 0.03 0.03 0.03 0.03
Nitrite
Late May 0.01 0.01 0.01 0.01 0.03
Early June 0.01 0.01 0.01 0.01 0.01
Late June 0.04 0.01 0.01 0.01 0.01
Early July 0.01 0.01 0.01 0.01 0.01
Late July 0.01 0.01 0.01 0.01 0.01
Early August 0.01 0.01 0.01 0.01 0.01
Late August 0.01 0.01 0.01 0.01 0.01
Early September 0.01 0.01 0.01 0.01 0.01
Late September 0.01 0.01 0.01 0.01 0.01
Seasonal Mean 0.01 0.01 0.01 0.01 0.01
Ammonia
Late May 0.13 0.11 0.16 0.13 0.13
Early June 0.10 0.13 0.15 0.13 0.10
Late June 0.07 0.13 0.16 0.12 0.08
Early July 0.03 0.11 0.21 0.18 0.10
Late July 0.05 0.13 0.20 0.05 0.10
Early August 0.03 0.12 0.25 0.11 0.13
Late August 0.03 0.07 0.29 0.07 0.07
Early September 0.03 0.07 0.12 0.07 0.10
Late September 0.01 0.09 0.09 0.07 0.07
Seasonal Mean 0.05 0.11 0.18 0.10 0.10
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Chapter 8
EFFECT OF HYBRID CARP ON ALGAL
PIGMENTS IN INTENSIVE STUDY PONDS IN 1982
by
Stephen W. Waite
INTRODUCTION
Algal pigments, particularly chlorophyll a, are appropriate measures
of phytoplankton standing crop in aquatic ecosystems; these
pigments represent the phytoplankton component of primary
production. When herbivorous fish, such as the hybrid carp, are
introduced into ponds to control aquatic macrophyte levels, they may
also affect phytoplankton algae production indirectly. Macrophytes
and phytoplankton compete for nutrients, space, and light;
macrophytes may also produce substances that inhibit phytoplankton
growth (Wetzel 1975). If the macrophytes are cropped, phytoplankton
may flourish and there would be an increase in the algal pigment
concentrations in the water column. However, macrophytes act as
nutrient pumps in that they circulate some nutrients from sediment
to the water column (Hutchinson 1975). When hybrid carp crop the
macrophytes, those nutrients may be egested with partially digested
plant material, settle to the substrate, and become unavailable to
phytoplankton; if this situation occurs, then there may be a
decreased amount of algal pigments in the water column. The
purpose of this study was to determine if a measurable effect on
algal pigment concentrations occurred with the introduction of
hybrid carp into intensive study ponds in 1982.
METHODS
Duplicate samples of depth-integrated water were collected from the
five intensive study ponds (4, 6, 8, 10, and 12) at the INHS Annex
pond site on a biweekly schedule from late May to late September
1982. Concentrations of chlorophyll a, phaeophytin a, and total
corrected a pigments were determined using acetone extraction
techniques and spectrophotometric procedures according to accepted
methodologies (APHA et al. 1976). Ponds 8 and 12 were references
ponds while ponds 4, 6, and 10 were stocked with hybrid carp.
Significance was determined using a one-way analysis of variance at
the 0.05 level.
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RESULTS AND DISCUSSION
Chlorophyll a values in control ponds ranged from 3.36 in pond 12 in
late June to 31.63 mg m- 3 in pond 8 in late July. Seasonal mean
concentrations for chlorophyll a in ponds 8 and'12 were 17.57 and
7.24, respectively (Table 1). In ponds stocked with hybrid carp,
values for chlorophyll a ranged from 1.93 in pond 4 in early
September to 22.91 in pond 4 in late August. Mean seasonal values
for chlorophyll a were 9.36, 13.79, and 9.19 mg m- 3 in ponds 4, 6,
and 10, respectively.
Phaeophytin a, a degradation product of chlorophyll a, ranged in the
control ponds from 1.54 in pond 12 in early September to 7.64 mg m- 3
in pond 8 in late May (Table 1). Seasonal means for phaeophytin in
control ponds 8 and 12 were 4.47 and 2.36, respectively. In ponds
stocked with hybrid carp, phaeophytin ranged from 0.86 in pond 4 in
early September to 9.49 in pond 4 in early July.
Total chlorophylls were similar to chlorophyll a with seasonal means
in pond 8 and 12 of 26.59 and 11.53 mg m- 3 , respectively, and of
15.89, 21.88 and 14.32 in ponds 4, 6, and 10, respectively (Table
1).
Concentrations of chlorophyll a exhibited significant (P<0.05)
seasonal differences in all intensive study ponds and followed
rather typical cycles for central Illinois ponds. In control pond
8, chlorophyll a peaked twice during the season, once in late May
and and again in early July; in control pond 12, chlorophyll a
peaked in early June and then had a minor peak in late July. In
ponds stocked with hybrid carp, chlorophyll a values peaked in early
July and late August in pond 4; in early June, early August and late
September in pond 6; and in late August in pond 10. In ponds 6
and 10 there was a later peak of chlorophyll a that did not occur in
control ponds.
In most cases, control pond 8 had the highest values seasonally of
the five intensive ponds while control pond 12 had the lowest
values. The ponds containing hybrid carp generally had values that
fell within that range (Table 1). Hybrid carp, therefore, could not
be directly correlated with phytoplankton standing crop as measured
by algal pigments.
In ponds 8, 10, and 12, macrophytes and chlorophyll a concentrations
were compared seasonally (Fig. 1). Chlorophyll a concentrations
generally followed the same trend as the macrophytes. When
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macrophytes declined in ponds 8 and 10, chlorophyll a concentrations
tended to increase. These trends did not appear to be related to
the presence of hybrid carp.
Between-year comparisons of chlorophyll a concentrations in ponds 8,
10, and 12 (Fig. 2) indicated that the values generally increased
from 1980 to 1982. The one exception is in 1981 in pond 12 when a
phytoplankton bloom occurred after herbicide application.
Chlorophyll a values were within reported ranges for many central
Illinois ponds and reservoirs (Coutant 1981). Since most values
obtained from ponds stocked with hybrid carp were within the values
for the control ponds, there would appear to be little affect on
phytoplankton standing crop directly attributable to hybrid carp
during 1982.
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Table 1. Seasonal changes in chicrophyll concentrations collected from
intensive ponds 4, 6,8, 10, and 12 in 1982.
Parameter 4 6 8 10 12
Chlorophyll a
Late May 7.65 12.37 25.65 2.93 8.87
Early June 7.04 22.77 19.28 5.90 14.00
Late June 7.31 4.36 6.98 6.99 3.36
Early July 22.59 5.96 22.50 7.98 6.03
Late July 6.30 9.93 31.63 6.22 8.73
Early August 5.11 19.39 26.39 16.95 6.41
Late August 22.91 7.46 8.28 15.14 6.94
Early September 1.93 20.49 5.66 12.35 4.03
Late September 3.41 21.41 9.22 8.23 6.80
Seasonal Mean 9.36 13.79 17.57 9.19 7.24
Phaeophytin
Late May 1.84 1.62 7.64 1.26 2.27
Early June 2.73 3.21 2.10 2.35 2.92
Late June 2.36 1.98 1.92 2.16 1.61
Early July 9.49 2.58 4.01 2.24 2.49
Late July 2.23 4.36 5.48 2.37 4.02
Early August 1.78 3.38 4.33 6.96 2.36
Late August 5.45 3.39 3.67 3.88 2.35
Early September 0.86 5.15 4.51 4.15 1.54
Late September 0.90 8.56 6.01 1.92 1.72
Seasonal Mean 3.07 3.80 4.47 3.03 2.36
Total Chlorophyll
Late May 11.74 17.68 40.14 4.80 14.19
Early June 11.89 32.67 28.57 9.20 21.40
Late June 11.48 6.93 10.15 10.36 5.86
Early July 41.50 9.50 34.35 11.49 9.51
Late July 10.42 16.16 45.55 10.17 15.84
Early August 8.31 30.08 37.95 27.61 10.02
Late August 38.47 13.51 13.63 23.29 11.06
Early September 3.30 33.47 10.91 19.18 6.21
Late September 5.89 36.94 18.08 12.81 9.70
Seasonal Mean 15.89 21.88 26.59 14.32 11.53
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Figure 1. Relationships between macrophyte biomass (g/m ) and
chlorophyll -a values (mg/m ) in ponds 8, 10, and 12 in 1982.
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Chapter 9
IMPACTS OF THE HYBRID CARP ON AQUATIC BACTERIAL POPULATIONS
by
Pamela P. Tazik and Robert W. Gorden
INTRODUCTION
The purpose of this study was to determine impacts of hybrid carp on
aquatic bacteria. Heterotrophic, aerobic aquatic bacterial
populations in five study ponds, three with (ponds 4, 6, and 10) and
two without (ponds 8 and 12) hybrid carp, were monitored.
Heterotrophic, aerobic bacterial populations were chosen for study
because of the importance of their role in the functioning of
aquatic ecosystems. The data collected will be used in conjunction
with data from the first 2 years to determine the effects of hybrid
carp on aquatic bacterial populations.
METHODS
Five ponds (4, 6, 8, 10, and 12) were sampled on 1 June and 30
September 1982. A previously established stratified sampling design
was used to collect all samples; strata were areas of high
macrophyte concentration (HMC) and low macrophyte concentration
(LMC). Two water column and two sediment samples were collected in
each HMC and LMC areas; two macrophyte samples were obtained from
HMC areas. An autoclavable water column sampler, a corer and
sterile stainless steel tubing, and sterile forceps were used to
collect water, sediment, and macrophyte samples, respectively.
Methods of collection, processing, and counting were similar to
those used in the previous 2 years. All results are expressed as
colony generating units (CGU) per unit sample. For more detailed
information on methods see Gorden et al. (1981) and Gorden et al.
(1982). Statistical tests used to analyze the data include analysis
of variance (ANOVA), Duncan's a posteriori test and t-test of means.
RESULTS
Total CGU for ponds sampled all 3 years are shown in Tables 1, 2
and 3. These numbers range from 102 to 104 ml-1 water, 105 to 10
g-1 (wet weight) sediments and 106 to 108 g-1 (dry weight)
macrophytes.
A t-test of means was used to compare the carp pond (10) CGU to
control ponds (8 and 12) in 1982. The null hypothesis was that the
mean from the carp pond was equal to the control ponds; the
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alternate hypothesis was that the means were not equal. When CGU's
in June were compared there was no significant difference (P>0.20,
df = 2; accept the null hypothesis), but when CGU's in September
were compared the carp pond was significantly lower than the control
ponds (P<0.001, df = 2; accept the alternate hypothesis), suggesting
that there was a difference between carp and control ponds late in
the season.
Strata were combined to make whole pond comparisons. When the
seasonal trends (June to September) in 1982 were compared using
ANOVA, an interesting and consistent relationship was found.
Control ponds (8 and 12) had significantly higher CGU's in water in
September (P<O.05) and somewhat higher CGU's in sediments (P>0.05)
(Table 4). With the exception of Pond 10 sediments, carp ponds had
higher CGU's in water and sediments in June (Table 4). CGU's on
macrophytes did not show any consistent trends.
When seasonal trends in bacterial populations (CGU) were compared
with previous years using ANOVA, several relationships were
apparent. In 1980, all three ponds had higher CGU in water and
sediments in June (except Pond 12, NSD), whereas in 1981 all three
ponds had significantly higher total numbers in September (Table 4).
The trends in 1982 for control ponds followed those in 1981 with
higher numbers in September. The carp treatment pond (10) were
similar with respect to sediment CGU's but not so with CGU's in the
water column which were significantly lower in September.
Mean total CGU's in water were tested for correlations with water
temperature, pH, alkalinity, chlorophyll a and carbon dioxide in all
ponds in all years using a Pearson correlation. Also, each pond was
tested separately using all 3 years of data. Only two significant
linear relationships were found; Pond 10 CGU (3 years combined)
correlated positively with CO2 (P = 0.001, r = 0.7507) and
negatively with pH (P = 0.009, r = -0.6267).
DISCUSSION
Bacterial numbers in all ponds showed similar yearly trends except
carp pond water which departed from the pattern by having a seasonal
reduction in the number of CGU in 1982. There are several possible
reasons for this reduction in CGU: (1) increased numbers of bacteria
attached to particulate matter and settled out of the water column
to the sediments; (2) a change in water chemistry kept the CGU from
increasing in number; (3) a change in zooplankton populations in
Pond 10 impacted on bacterial populations. Since there was no
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dramatic seasonal change in water chemistry in Pond 10 and no
unusual shift in zooplankton populations, the most reasonable
explanation may be loss due to settling out of bacteria attached to
particulate matter. Fine particulate organic matter (FPOM)
production related to carp fecal deposition was substantially
increased in Pond 10 (see Chapter 13) and this additional
particulate load may have been responsible for reduced microbial
activity. The seasonal trends in water column CGU's in the other
carp ponds were the same as in Pond 10.
In addition to a seasonal decrease in water column CGU's, there was
an increase in sediment CGU's. Hybrid carp generate large amounts
of fecal material that is subject to degradation; the majority of
that process undoubtedly takes place at the sediment/water
interface. This excrement increases in amount with seasonal
progression and may be responsible for the change in seasonal trend
of sediment CGU's in the carp pond in 1982.
The correlation analyses of bacterial populations and selected water
chemistry parameters resulted in only two linear relationships:
bacteria in pond 10 with CO2 (positive) and pH (negative). The pH
and C02 levels in the pond were not unusually high or low and it
therefore seems unlikely that they would have been the cause of
changes in seasonal trends or CGU.
These data suggest that the hybrid carp are having a measurable
effect on bacterial populations in the water column and sediments.
Another year of study we will enable us to more thoroughly elucidate
the degree of influence of the carp on bacterial populations.
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Table 1. Total CGU in Pond 8 on each sample date for 3 years. Each
number is a mean of samples for that date (1-8). Numbers are in the
following units: CGU ml - 1 (water), CGU g-1 wet weight (sediments) and CGU
g-1 dry weight (macrophytes).
Year Date Water (x10 2 ) Sediments (x105) Macrophytes(x10 7 )
1980 5/27 410.00 33.25 ND
6/10 9.20 4.60 ND
6/26 16.55 ND ND
7/10 23.88 ND ND
7/24 27.27 4.00 ND
8/07 21.27 88.02 2.20
8/21 30.70 29.97 11.20
9/04 28.58 15.20 35.30
9/18 35.05 5.20 3.51
1981 5/07 45.43 12.92 28.40
6/04 9.16 9.22 7.14
6/12 2.95 3.37 2.04
6/16 18.94 4.48 3.04
6/19 17.06 4.41 5.29
6/25 5.88 11.41 7.34
7/10 10.17 4.61 20.40
7/23 32.85 8.09 7.30
8/27 328.09 24.08 4.36
9/30 250.43 32.26 3.37
1982 6/01 24.38 9.09 4.15
9/30 52.85 10.10 0.68
ND = no data
Table 2. Total CGU in Pond 10 on each sample date for three years.
Each number is a mean of samples for that date (1-8). Numbers are in the
following units: CGU ml - 1 (water), CGU g-1 wet weight (sediments) and CGU
g- 1 dry weight (macrophytes).
CGU
Year Date Water (xl0 2 ) Sediments (x105) Macrophytes(xl0 7 )
1980 5/27 45.00 33.35 ND
6/10 21.10 11.03 ND
6/26 19.53 3.01 ND
7/10 208.33 3.20 ND
7/24 84.25 24.07 ND
8/07 34.89 9.41 6.40
8/21 14.63 24.67 4.85
9/04 35.12 28.37 1.99
9/18 21.03 6.37 2.03
1981 5/07 83.29 16.86 15.10
6/04 8.68 14.30 1.68
6/25 25.08 4.99 6.38
7/23 23.89 22.51 2.62
8/27 24.94 24.26 12.30
9/30 37.54 64.75 27.80
1982 6/01 59.77 10.69 2.96
9/30 42.95 24.10 1.22
ND = no data -88-
Table 3. Total CGU in Pond 12 on each sample date for three years.
Each number is a mean of samples for that date (1-8). Numbers are in the
following units: CGU ml-I (water), CGU g-1 wet weight (sediments) and CGU
g-1 dry weight (macrophytes).
Year Date Water (x10 2) Sediments (x10 5 ) Macrophytes(x10 7 )
1980 5/27 25.00 32.10 ND
6/10 8.95 3.87 ND
6/26 38.75 74.00 ND
7/10 16.62 ND ND
7/24 90.00 1.76 ND
8/07 84.12 10.45 1.37
8/21 99.37 9.23 5.86
9/04 246.25 18.35 1.69
9/18 20.94 6.65 1.79
1981 5/07 40.55 22.68 16.70
6/04 5.90 16.95 1.88
6/12 14.17 9.46 3.60
6/16 77.48 17.83 4.33
6/19 34.32 6.75 5.21
6/25 37.33 24.38 8.88
7/10 5.22 3.45 1.95
7/23 37.75 21.89 2.87
8/27 22.16 26.96 9.56
9/30 33.60 114.00 117.00
1982 6/01 78.17 19.19 9.47
9/30 119.71 20.60 3.27
ND = no data
Table 4. Results of ANOVA comparing June and September samples for each
pond. The month in parentheses has higher number CGU.
Pond Treatment Year Water Sediment Macrophytes
8 Control 1980 * (June) *** (June) NA
8 Control 1981 *** (Sept) *** (Sept) NSD (Sept)
8 Control 1982 *** (Sept) NSD (Sept) *** (June)
12 Control 1980 NSD (Sept) ** (June) NA
12 Herbicide 1981 *** (Sept) *** (Sept) *** (June)
12 Control 1982 *** (Sept) NSD (Sept) NSD (June)
10 Control 1980 *** (June) *** (June) NA
10 Carp 1981 *** (Sept) *** (Sept) * (Sept)
10 Carp 1982 ** (June) ** (Sept) NSD (June)
4 Carp 1982 *** (June) *** (June) *** (Sept)
6 Carp 1982 *** (June) *** (June) NSD (June)
*
NS**D*** *
NSD
= significant at
= significant at
= significant at
= no significant
0.05
0.01
0.001
difference
NA = not applicable, no June samples
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Chapter 10
IMPACT OF HYBRID CARP ON ZOOPLANKTON DYNAMICS
by
Stephen W. Waite
INTRODUCTION
Zooplankton play a vital role in both the cycling of nutrients and
the flow of energy through aquatic ecosystems. As the result of
grazing by these animals, proteins, lipids, and carbohydrates
synthesized by autotrophic bacteria and algae (primarily
phytoplankton and epiphyton) are converted into animal tissue. This
material, in turn, forms either a fraction of the detrital pool or a
primary food resource for planktivorous insects and fishes. In
return, zooplankton respiration and excretion of nitrogen and
phosphorus compounds constitute a major source of required nutrients
of pelagic and benthic algae and rooted macrophytes. The purpose of
this investigation was to clarify certain characteristics of
zooplankton communities with regard to possible effects resulting
from the use of hybrid carp to control aquatic plants.
METHODS
Zooplankton communities at the intensive ponds 4, 6, 8, 10, and 12
(Annex complex) were sampled biweekly from late May to late
September 1982. Four vertical tow samples were collected from each
pond, two each from high macrophyte concentration areas (HMC) and
low macrophyte concentration areas (LMC). Sampling the water column
from surface to bottom at two randomly selected points in each
strata, the collection device, a submersible filter pump apparatus
(Waite and O'Grady 1980), was lowered and raised such that all water
levels (including those within macrophyte beds) were sampled
equally. The amount of pond water filtered averaged 42 liters.
Taxonomic, gravimetric and interpretive analyses followed those of
the Segment I report (Gorden et al. 1981).
RESULTS AND DISCUSSION
Although zooplankton samples were collected and the data analyzed
from ponds at both the INHS Annex and the Utterback sites in 1982,
only the results of investigations at the Annex site will be
presented in this report. Zooplankton communities at the Utterback
will be discussed in the final report.
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Compos it iton
In addition to two juvenile life history stages of copepods, the
zooplankton communities of five intensive study ponds (ponds 4, 6,
and 10 containing hybrid carp; ponds 8 and 12 as controls) consisted
of eight Copepoda species, 13 taxa of Cladocera, and 25 taxa of
Rotifera (Table 1). Of the species present, three copepods, eight
cladocerans, and 13 rotifers were common to all five ponds.
Composition of dominant taxa was virtually the same in all ponds for
each specific sampling date (Table 2). Seasonal totals of the
numbers of Rotifera, Cladocera and Copepoda recorded for each pond
are given in Table 3. The number of copepod species collected in
1982 was the same number collected in 1980 (although not the same
taxa). In 1982, however, 10 fewer taxa of cladocerans and 11 fewer
taxa of rotifers were collected than in 1980 (Gorden et al. 1981).
The number of species present in ponds stocked with hybrid carp was
equal to or slightly higher than in the control ponds (29.3 in
control versus 31.8 in carp ponds), and therefore too close to
determine any direct effect of hybrid carp stocking on the numbers
of zooplankton taxa present.
The calanoid copepod, Diaptomus pallidus, occurred during most of
the study period in control pond 8 and less frequently in ponds 10
and 12; there were no occurrences of this taxa in carp ponds 4 and
6. D. pallidus was found in pond 10 during both 1980 and 1981 of
this study. Macrocyclops albidus occasionally occurred in ponds 4,
6, and 10 but was not collected from control ponds 8 and 12 in 1982.
However, this species was common in the previous years of this study
in both control ponds. It appears that the presence or absence of a
given species in a pond may be attributed more to yearly variation
than to the presence of hybrid carp.
When HMC and LMC areas in these five intensive ponds were compared,
the values between the two strata were similar across all five ponds
(30.8 and 31.6). In carp ponds 4, 6, and 10, the average number of
species in LMC strata was 36 while in the control ponds it was 28.
In HMC areas the average number of species in all ponds was 31. The
increase in LMC areas in carp ponds was largely attributable to
species of Rotifera.
Biomass
Analysis of variance indicated there were no significant differences
between HMC and LMC strata in terms of zooplankton biomass,
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therefore these strata will not be discussed separately. Total
zooplankton biomass in control ponds ranged from a low of 127.5 mg
m- 3 in ponds 12 in late June to a high of 1,385.0 mg m- 3 in pond 8
also in late June (Table 4). Mean seasonal values for total
zooplankton biomass were 587.4 and 398.6 mg m- 3 in ponds 8 and 12,
respectively. In both control ponds, cladoceran biomass
represented the largest fraction (119.7 and 206.2 mg m- 3 in ponds 8
and 12, respectively); rotiferan biomass was second (94.3 and 68.5
mg m- 3 ), and mature copepod biomass was last (23.6 and 66.6 mg m- 3).
In hybrid carp ponds, total zooplankton biomass ranged from 40.8 mg
m- 3 in pond 10 in late July to 1,382.5 mg m- 3 in pond 4 in early
June (Table 4). Mean seasonal values for total zooplankton biomass
were 438.6, 292.5, and 443.5 mg m- 3 for ponds 4, 6, and 10,
respectively. In ponds 4 and 6, rotiferan biomass contributed a
mean seasonal biomass of 245.5 and 184.9 mg m- 3 , respectively, while
in pond 10 the value was only 13.8 mg m- 3 . In pond 10 the
cladoceran fraction contributed a mean seasonal biomass of 163.2 mg
m- 3 while in ponds 4 and 6, the values were 41.4 and 87.0 mg m- 3 .
The copepod fraction contributed a mean seasonal biomass of 48.0,
44.2, and 77.2 mg m- 3 in ponds 4, 6, and 10, respectively.
Zooplankton biomass values exhibited seasonal cycles with
significant differences between sampling periods. In control pond 8
there was a peak in early June and another smaller peak in late
August and early September while in control pond 12 there was only
the late peak. In both ponds 4 and 10 there was a peak in June and
then again in late September but only the a gradual peak in late
August and September in pond 6. Rotiferan biomass was highest in
early summer (June) in all ponds and then decreased during the rest
of the sampling period. Cladoceran biomass increased during late
summer in all five intensive ponds. Copepod biomass was more
variable; it tended to increase later in the sampling season in
ponds 4, 10, and 12 while in pond 6 it increased in late June and in
pond 8 it was highest in late May. The cycles in each pond were
variable and did not appear to be related to the introduction of
hybrid carp in ponds 4, 6, and 10.
The range in biomass values in all intensive ponds were similar to
values obtained during 1980 and 1981. Year-to-year variation in
zooplankton community dynamics was great enough that no effect on
those dynamics could be attributed to stocking of hybrid carp in
1982.
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Table 1. List of zooplankton taxa collected in ponds 4, 6, 8, 10,
and 12 in 1982.
Control ponds Hybrid carp ponds
Taxa 8 12 4 6 10
COPEPODA
Mesocyclops edax
Cyclcps vernalis
C. bicuspidatus thomasi
Eucyclops agilis
Tropocvclops prasinus
Diaptomus pallidus
Macrocvclops albidus
Paracvclops poppei
CLADOCERA
Ceriodaphnia cuadrangula
SchaDholeberis kingi
Simocephalus vetulus
S. serratulus
Chydorus sphaericus
C. globosus
Daphnia pulex
D. arabigua
D. oarvula
Diaphanosoma leuchtenbergianum
Pleuroxus denticulatus
Bosmina longirostris
Alona spp.
ROTIFERA
Keratella cochlearis
K. cuadrata
Trichotria spp.
Mytilina spp.
Lecane luna
L. chioensis
Brachionus patulus
B. angularis
B. bidentata
B. quadridentatus
Monostyla quadridentata
SM. closterocerca
M. bulla
M. lunaris
Asplanchna priodonta
Platyias quadricornis
Filinia longiseta
Polyarthra spp.
P. vulgaris
Trichocerca multicornis
Ascomorpha spp.
Synchaeta spp.
Colurella spp.
Cephalobdella spp.
Euclanis dilatata
x x
x x
x x
x x
x x x
x x x
x
x
x x x
x
x x x
x x
x x
x x
x x
x x
x x
x x
x
x
x x
x x
x x
x x x
x x x
x x x
x x x
x x x
x x
x x
x
x x
x x
x x
x x
x
x
x x
x x
x x
x x
x x
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Table 3. Total number of zooplankton species present in low
macrophyte concentration (LMC) and high macrophyte concentration (HMC)
strata in intensive study ponds 4, 6, 8, 10, and 12 during the 1982
sampling season (May through September). Ponds 8 and 12 were used as
controls and ponds 4, 6, and 10 were stocked with hybrid carp.
Pond 4 Pond 6 Pond 8 Pond 10 Pond 12
LMC HMC LMC HMC LMC HMC LMC HMC LMC HMC
Copepoda 6 6 5 5 4 4 5 5 4 3
Cladocera 10 7 7 9 7 9 11 10 8 7
Rotifera 19 17 17 18 17 20 18 16 16 18
Total 35 30 29 32 28 33 34 31 28 28
Pond Mean 32.5 30.5 30.5 32.5 28.0
Table 4. Seasonal zooplankton biomass in intensive study ponds 4,
6, 8, 10, and 12 in 1982.
4 6 8 10 12
Rotifera
05/27
06/08
06/30
07/30
08/27
09/28
Mean
Copepoda (mature)
05/27
06/08
06/30
07/30
08/27
09/28
Mean
Cladocera
05/27
06/08
06/30
07/30
08/27
09/28
Mean
Total
05/27
06/08
06/30
07/30
08/27
09/28
Mean
32.8
1,315.0
83.0
28.8
10.3
2.8
245.5
49.5
19.3
4.5
85.5
11.3
117.8
48.0
47.0
2.0
0.5
38.3
60.5
100.0
41.4
247.3
1,382.5
209.8
252.3
140.8
398.8
438.6
69.0
11.8
843.0
76.0
87.8
22.0
184.9
5.5
39.8
101.5
37.5
35.3
45.7
44.2
6.8
5.8
24.0
157.5
56.0
272.0
87.0
264.3
95.5
265.3
298.0
354.3
477.8
292.5
17.8
259.3
114.8
146.0
6.8
20.8
94.3
28.3
26.5
13.0
20.0
26.5
27.0
23.6
12.5
13.3
103.8
8.7
406.8
172.8
119.7
320.0
508.8
1,385.0
286.5
553.0
470.8
587.4
7.0
51.0
10.3
2.8
8.8
3.0
13.8
15.3
93.3
22.3
6.0
15.5
279.0
72.2
34.8
24.3
57.8
27.7
384.3
450.3
163.2
249.0
274.5
681.0
40.8
532.8
883.0
443.5
122.0
154.5
17.0
35.5
13.5
68.5
23.3
26.0
-_
64.5
91.8
127.5
66.6
46.8
6.3
416.3
__
371.5
190.3
206.2
239.5
253.3
127.5
543.8
756.6
470.8
398.6
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Chapter 11
EFFECTS OF HYBRID CARP AND HERBICIDE TREATMENTS UPON
INFAUNAL AND EPIPHYTIC MACROINVERTEBRATE COMMUNITIES
by
Gary L. Warren, Stephen T. Sobaski, and Michael J. Wiley
INTRODUCTION
Benthic macroinvertebrates are an important component of aquatic
ecosystems. They process organic material and also occupy a key
position in the food web of most North American sport fishes. The
objective of this investigation was to examine impacts on this
ecosystem component by the introduction of hybrid carp
(Ctenopharyngodon idella female x Hypophthalmichthys nobilis male)
and by herbicide treatments.
METHODS
Ponds 1 and 3 from the Utterback study site and ponds 8, 10, and 12
from the INHS Annex study site were selected for the study (see
Gorden and Wiley 1981 for pond descriptions). All ponds were
stocked with typical farm-pond rates of largemouth bass (Micropterus
salmoides), channel catfish (Ictalurus punctatus), and bluegill
(Lepomis macrochirus) in April and May of 1980 (Powless 1981).
Ponds 8, 10, and 12 were drained and restocked with identical rates
of largemouth bass, channel catfish, and bluegill at the beginning
of the next 2 successive study years. During 1980, no pond
received any treatment (hybrid carp or herbicides). In 1981, Pond 8
was designated as a control, ponds 3 and 12 received herbicide
treatments during the first week of June (potassium endothall in
Pond 3 and simazine in Pond 12), and ponds 1 and 10 were stocked at
a rate of 6 kg ha -" with diploid hybrid carp. In 1982, Pond 8
remained the control, Pond 10 was stocked with hybrid carp at a
higher rate (80 kg ha-1), ponds 3 and 12 were untreated and not
sampled, and Pond 1 retained the hybrids from its 1981 stocking.
Although the ponds were sampled several times per year on a regular
schedule, this report will present only collections obtained in late
September-early October of each year. It is during this latter
stage of the growing season that the cumulative effects of the
hybrid carp should be most evident. In 1980, nine benthic samples
and three epiphytic samples were obtained from each pond during each
collection. A stratified sampling approach was instituted in 1981;
each pond was divided into areas of high macrophyte concentration
(HMC) and low macrophyte concentration (LMC). One benthic and one
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epiphytic sample were obtained from each of three HMC and three LMC
stations per pond, yielding a total of 12 samples per pond. In
1982, samples from only two HMC and two LMC stations per pond were
analyzed, yielding a total of eight samples per pond.
Sediment-associated macroinvertebrates were collected with a piston
corer (area sampled = 0.0036 m2 ) and placed in quart jars;
epiphytic macroinvertebrates were collected, along with macrophytes,
with a 300 uim-mesh dacron net attached to a wide-mouthed quart jar.
Samples were field preserved with 80% ethanol or 10% formalin.
In the laboratory, macroinvertebrates and detritus in core samples
were separated from sediments by sucrose floatation (Wetzel and
Wiley 1981). Organisms were removed from the sample portion
retained in a 300 um-mesh net using a dissecting microscope,
identified using current taxonomic literature, counted, and wet
weighed. Results were expressed in number or milligrams of
organisms per meter square.
Epiphytic samples were processed in three steps: (1)
macroinvertebrates were rinsed from macrophytic material into a 300
um-mesh net. The sample portion retained in the net was then
examined under a dissecting microscope. (2) A homogeneous subsample
of the remaining plant mass was taken and all adhering
macroinvertebrates were removed under a dissecting microscope. The
total fresh weight of the plant mass was used to extrapolate totals
for adhering organisms. (3) Counts and biomass determinations from
steps (1) and (2) were combined to yield sample totals expressed in
numbers or milligrams of organisms per gram of plant material.
These totals were then converted to numbers or milligrams of
organisms per square meter of pond bottom for comparison with
sediment-associated totals.
Macroinvertebrate identifications were limited to the following
taxonomic categories: Oligochaeta, Gastropoda, Amphipoda, other
invertebrates, Zygoptera, Anisoptera, Caenidae, Baetidae,
Chironomidae, and other insects. "Other invertebrates" included
Acari, Hirudinea, Nematoda, Sphaeriidae, Bryozoa, and Decapoda.
"Other insects" included Coleoptera, other Ephemeroptera,
Trichoptera, Lepidoptera, Hemiptera, and non-chironomid Diptera.
Statistical methods included Student's t-tests between taxa means of
both sampling strata (HMC and LMC) for each pond-date and two-way
analyses of variance, with pond and strata as independent variables,
to test for significant strata effects. One-way analyses of
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variance of taxa means by pond and year were invalid due to a lack
of homogeneity among sample variances, so the Kruskal-Wallis test (a
nonparametric analysis of variance by ranks) was substituted to test
for intergroup differences.
RESULTS
Results of t-tests between taxa means (for each date, pond, and
sample type) of the two sampling strata (HMC and LMC) revealed
significant differences (pO0.05) in only three of 56 tests. Two-way
analyses of variance of mean total community densities and biomass,
with strata and ponds as independent variables, showed no
significant strata effects (pO0.05). Considering these results,
samples from the two strata of each pond were viewed as homogeneous
and pooled for analytical purposes.
Control Pond Communities
Mean total community densities and biomass varied greatly among the
ponds, even during the initial (control) year of the study (Tables 1
and 2). However, community taxonomic composition was generally
similar from pond to pond (Tables 3 and 4). In terms of mean
density of the total community, the control pond (Pond 8) was the
most stable pond of the study, ranging from 26,843 organisms m- 2 in
September 1980 to 37,854 organisms m- 2 in September 1981.
Populations in 1982 returned to a level slightly above that of 1980.
Percent contribution of the infaunal and epiphytic segments to the
total community exhibited no trend and varied greatly with year. In
1981, the epiphytic benthos accounted for 64% of the total density,
but it accounted for less than 44% in 1980 and 1982 (Table 1).
Results of Kruskal-Wallis test indicated significant differences
between yearly mean total densities of the epiphytic community of
Pond 8, but there were no significant differences between the means
of the infaunal community.
Total community biomass of Pond 8 decreased with each successive
study year (Table 2). The greatest mean biomass of both the
epiphytic and infaunal segments occurred in the initial year of the
study; epiphytic biomass then decreased with each successive year,
while substrate-associated biomass declined significantly in 1981
(Kruskal-Wallis test; p<0.05) but rose again in 1982. The infaunal
segment always accounted for at least 59% of the total
macroinvertebrate biomass in Pond 8.
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General taxonomic composition of the control pond remained
consistent throughout the study. Chironomidae numerically
predominated the entire pond community with increasing numbers each
year (Table 3) and were among the dominants in biomass (Table 4).
Sediment-associated communities were always numerically dominated by
chironomids, as were plant-associated communities (except in 1980).
Chironomids in epiphytic communities increased significantly from
1980 to 1981 (Kruskal-Wallis test; p<0.05). Other important taxa of
the control pond community (both in abundance and biomass) were
Amphipoda, Oligochaeta, the mayfly Caenis, Zygoptera, and
Anisoptera.
Carp Pond Communities
In contrast to the control pond, macroinvertebrate community
densities (epiphytic and benthic segments combined) of all
treatments ponds (carp and herbicide) decreased with each successive
study year (Table 3). The most dramatic of these decreases occurred
in Pond 1 where the highest total macroinvertebrate community mean
of the initial study year (54,439 organisms m- 2 ) declined by 66% to
the lowest pond mean observed in 1982 (18,390 organisms m- 2 ). The
substrate-associated community decreased significantly (Kruskal-
Wallis; p<0.05) from 52,160 organisms m- 2 in 1980 (a total
significantly greater than all other ponds) to 7,569 organisms m- 2
in 1982, while the epiphytic community peaked at 31,184 organisms
m- 2 in 1982 (68% of the 1981 total pond community density) and
declined in 1982 to a level much above that of the initial study
year. Percent contribution by the communities of the two strata
varied substantially with year, but in both 1981 and 1982 the
epiphytic populations accounted for at least 59% of the total
macroinvertebrate pond community. In September 1980, the epiphytic
assemblage accounted for only 4% of the total macroinvertebrate
abundance.
In Pond 10 (stocked and re-stocked with carp in 1981 and 1982,
respectively), densities exhibited a pattern very similar to that of
Pond 1. Total macroinvertebrate community means decreased from
42,213 organisms m- 2 in 1980 to 29,208 organisms m- 2 in 1982, but
the epiphytic portion of the total pond community remained
relatively stable (range: 17,449 organisms m- 2 in 1982 to 26,739
organisms m- 2 in 1981). Abundance of the infaunal community
declined each year (although not as drastically as in Pond 1) and
accounted for less than 41% of the total pond community in 1981 and
1982. The epiphytic community of Pond 10 was always larger than
that of Pond 8, while the plant-associated assemblage in Pond 1
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numerically exceeded that of Pond 8 only in September 1981 (Table
1).
Mean biomass of the total macroinvertebrate community in the carp
treatment ponds was highest in 1980; biomass in Pond 1 then
decreased with each successive year, while biomass in Pond 10
decreased in 1981 and returned to near 1980 levels in 1982 (Table
2). The only trends evident in biomass of the separate infaunal and
epiphytic entities of the carp treatment ponds were a yearly
significant (Kruskal-Wallis; p0O.05) decrease in the infaunal
biomass of Pond 1 accompanied by a corresponding increase in percent
contribution by the epiphytic segment. In 1982, the epiphytic
community was responsible for 80% of the macroinvertebrate biomass
in Pond 1, but in the preceding years it accounted for less than
30%.
Patterns of abundance and biomass of the dominant taxa in the carp
treatment ponds reflected the trends present in total community
means. In the benthic segment of the community in Pond 1,
abundance and biomass of Oligochaeta, Chironomidae, and Caenis
decreased significantly from 1980 to 1982 (Kruskal-Wallis; p<0.05);
in the epiphytic segment, Chironomidae and Caenis were present in
significantly greater numbers in 1981 and declined in 1982 to levels
similar to those of the initial study year (Tables 5, 6, 7, and 8).
Infaunal populations of chironomids and Caenis in Pond 10 exhibited
an overall (but not significant) decline during the study period,
although chironomid biomass actually increased each year. As in
Pond 1, epiphytic populations of chironomids and Caenis peaked in
1981. Also in Pond 10, abundance and biomass of benthic Amphipoda
increased significantly from 1980 to 1982 (Kruskal-Wallis; p<0.05)
and Oligochaeta increased from 0 to 1,513 organisms m- 2 on
macrophytes but decreased from 956 to 550 organisms m-2 in the
sediments during the same time period.
Kruskal-Wallis tests by pond for each year revealed no cases in
which taxa means of both ponds containing hybrid carp differed
significantly from those of the control pond. However, means of
total infaunal abundance, amphipod abundance, and Caenis abundance
and biomass were significantly greater in Pond 1 than in any other
pond at the outset of the investigation. In 1981, mean epiphytic
biomass of Chironomidae and total organisms were significantly
greater in Pond 10 than in the control pond; these differences were
not present in 1980 or 1982. Epiphytic abundance and biomass of
Amphipoda were significantly greater in Pond 10 than in any other
pond in September 1982.
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Herbicide-Treatment Pond Communities
Macroinvertebrate populations of ponds 12 and 3 decreased
substantially, both in abundance and biomass, from September 1980
levels following herbicide application in 1981. Collapse of the
plant-associated communities is primarily responsible for this
decline. Macrophytes were completely absent from Pond 3 in
September 1981 following the June application of potassium
endothall; hence, the epiphytic community decreased fromm 13,348
organisms m- 2 in September 1980 to 0 in 1981. Macrophytes were
present in Pond 12 during September 1981, following the June
application of simazine, but macrophyte-associated communities
declined by 7,073 organisms m- 2 from 1980; percent contribution to
total pond macroinvertebrate density by the epiphytic portion
decreased from 40 to 18%. Biomass of the plant-associated community
followed the same pattern as abundance (Tables 1 and 2).
During this period of epiphytic community decline, benthic
populations increased from 8,924 to 17,870 organisms m- 2 in Pond 3
and from 16,667 to 17,685 organisms m- 2 in Pond 12. However, mean
biomass of the total macroinvertebrate community decreased by at
least 50% in each herbicide-treatment pond from 1980 to 1981; this
decrease was statistically significant in pond 3 (Kruskal-Wallis;
p<0 .05).
Dominant taxa of both herbicide-treatment ponds were similar in
September of both collection years, but numbers and biomass of many
dominants decreased from 1980 to 1981. Oligochaeta, Chironomidae,
and Caenis were the major numerical dominants of the infaunal
community; these same groups, with the addition of Anisoptera and
Zygoptera, dominated the biomass of the sediments (Tables 5 and 7).
Abundance and biomass of Anisoptera and Zygoptera decreased
significantly from 1980 to 1981 in Pond 3, while in Pond 12 the
abundance and biomass of Caenis increased significantly. In 1980,
the sediment of the control pond contained a significantly greater
number of Amphipoda than the sediments of any other pond; however,
in 1981 after the herbicide treatment of Pond 12, the number of
benthic Amphipoda present was significantly greater than in any
other pond.
Epiphytic communities of the herbicide-treatment ponds were
dominated by Zygoptera, Chironomidae, Oligochaetae, Gastropoda, and
Caenis in 1980. In 1981, the epiphytic community of Pond 3
disappeared completely due to the absence of plants; Zygoptera,
-104-
Oligochaeta, and Gastropoda, which dominated the macroinvertebrate
community in pond 12 in 1980, were not among the 1981 dominants.
The following taxa decreased significantly (Kruskal-Wallis; p<0.05)
from the epiphytic community in Pond 12 from 1980 to 1981:
Gastropoda (abundance and biomass), Zygoptera (abundance and
biomass), Baetidae (abundance), and Chironomidae (abundance and
biomass). Pretreatment total abundances of the epiphytic community
in herbicide-treatment ponds were not significantly different from
that of the control pond; in 1981, total abundances were
significantly different (Kruskal-Wallis, p0O.05).
DISCUSSION
Carp-Treatment Ponds
Hybrid carp have been proposed as a biological control of aquatic
macrophytes because of their demonstrated preference for a diet
consisting largely of aquatic vegetation. Results of this study
indicate that macroinvertebrate communities associated with
vegetation in ponds stocked with hybrid carp did not decline
appreciably on a per square meter basis. However, the total
epiphytic community within each treatment pond was undoubtedly
reduced by carp feeding activities. Prolonged removal of large
amounts of vegetation by these fish may reduce the densities of
plant-associated populations and result in the eventual elimination
of strictly epiphytic species.
The long-term decline in numbers of organisms in the
sediment-associated communities of carp-treatment ponds is of
particular interest (Table 1). In 1982, populations of Oligochaeta,
Caenis, and Chironomidae were substantially reduced from levels in
1980 in both ponds; however, infaunal biomass in Pond 10 was
greatest in 1982 and exhibited an overall increase during the study.
Such a decline in numbers, with an accompanying increase in biomass,
may be indicative of a shift in species composition and/or dominance
caused by changes in the character of the bottom sediments.
Sedimentation rates measured in Pond 10 increased throughout the
summer of 1982 and exceeded the rates measured in the adjacent
control pond at the end of the growing season (see Chapter 12).
This increased sedimentation may be due, in part, to the settling of
hybrid carp fecal material--the addition of which could create an
enriched organic habitat favorable for large detritivore and
bacteriovore taxa, such as Tubificidae and the midge Chironomus. At
the same time, the habitat of many strictly herbivorous species
might be eliminated. Hence, the introduction of hybrid carp at a
high stocking rate may substantially alter the macroinvertebrate
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community of a pond by causing the elimination of the epiphytic
community segment and changing the character of the benthic
community segment.
Herbicide-Treatment Ponds
The application of herbicides to ponds 3 and 12 appears to have
substantially impacted the macroinvertebrate communities, although
this impact may be short-lived. Three months following herbicide
application, the epiphytic community of Pond 3 was completely absent
and that of Pond 12 was much reduced (on a per square meter basis)
from the previous year; densities, as well as total pond
populations, declined. Numbers and biomass of most of the dominant
epiphytic taxa in 1980 in Pond 12 decreased greatly in 1981, while
total benthic abundance and biomass, along with abundance and
biomass of most infaunal taxa (notably Caenis and Amphipoda)
increased in both ponds. With the reduction or disappearance of
macrophytes following herbicide application, many macroinvertebrate
taxa were probably able to make the transition from an epiphytic to
a benthic habitat, thus increasing benthic abundance. Some taxa,
such as Amphipoda, probably benefitted from algal blooms and
increased detrital pools which followed macrophyte die-off. Those
taxa which require the epiphytic habitat (many tubiculus
Chironomidae) were probably eliminated from the ponds. Barring
further herbicide applications, the epiphytic communities of ponds 3
and pond 12 should be easily re-established as macrophytes return.
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Table 1. Abundance (no. m- 2 + standard error) of the total pond
(infaunal + epiphytic segments), infaunal, and epiphytic macro-
invertebrate communities within the five study ponds during September-
October of 1980-1982.
1980 1981 1982
Pond 8
Total 26,843 (+±4,163) 37,854 (+5,788) 28,287 (+7,522)
Infaunal 23,056 (±4,790) 13,796 (+5,759) 15,903 (+6,940)
Epiphytic 3,787 (+698) 24,058 (±5,818) 12,384 (+8,062)
Pond 10
Total 42,213 (+9,186) 40,582 (+5,671) 29,208 (+5,544)
Infaunal 24,383 (+9,374) 13,843 (+4,532) 11,759 (+3,605)
Epiphytic 17,830 (+8,600) 26,739 (+6,617) 17,449 (+6,963)
Pond 1
Total 54,439 (+11,116) 46,768 (+8,293) 18,390 (+5,397)
Infaunal 52,160 (+12,287) 14,954 (+2,241) 7,569 (+4,239)
Epiphytic 2,279 (+474) 31,814 (+11,513) 10,821 (+6,348)
Pond 3
Total 22,272 (+1,942) 17,870 (+3,848)
Infaunal 8,924 (±1,132) 17,870 (±5,442)
Epiphytic 13,348 (+3,227) 0
Pond 12
Total 27,626 (+3,856) 21,571 (+1,610)
Infaunal 16,667 (±3,471) 17,685 (±1,739)
Epiphytic 10,959 (+4,832) 3,886 (+±1,470)
Table 2. Biomass (mg m- 2 + standard error) of the total pond
(infaunal + epiphytic segments), infaunal, and epiphytic macro-
invertebrate communities within the five study ponds during September-
October of 1980-1982.
1980 1981 1982
Pond 8
Total 14,869 (+4,354) 3,760 (+617) 3,512 (+1,137)
Infaunal 13,031 (+4,990) 2,204 (+730) 2,736 (±1,600)
Epiphytic 1,838 (+±1,057) 1,556 (+479) 776 (+157)
Pond 10
Total 12,447 (+3,309) 6,779 (+1,238) 12,048 (+3,125)
Infaunal 7,015 (±2,940) 3,560 (±1,513) 7,704 (+3,917)
Epiphytic 5,432 (±4,229) 3,219 (+882) 4,344 (+2,046)
Pond 1
Total 8,768 (+1,465) 6,245 (+760) 2,098 (+726)
Infaunal 8,077 (±1,601) 4,398 (+897) 419 (+168)
Epiphytic 691 (+520) 1,847 (+592) 1,679 (+1,013)
Pond 3
Total 17,336 (+2,895) 1,523 (+320)
Infaunal 6,976 (+1,467) 1,523 (+452)
Epiphytic 10,360 (+±4,999) 0
Pond 12
Total 9,951 (+±1,939) 3,669 (+462)
Infaunal 6,241 (+1,807) 3,056 (+605)
Epiphytic 3,710 (+2,292) 613 (+246)
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Chapter 12
IMPACT OF HYBRID CARP ON SEDIMENTATION RATES
by
Pamela P. Tazik and Michael J. Wiley
INTRODUCTION
Sediment is commonly defined as that particulate matter which
settles out of the water column to the bottom sediments in an
aquatic ecosystem. Both organic and inorganic particulate matter
are involved in this process and can originate from allochthonous
or autochthonous sources. Accumulation of this particulate matter
in the sediments decreases the depth of a body of water,
contributing to the process of succession and affecting nutrient
cycling and energy flow. Organic matter that has settled to the
bottom is available for utilization by benthic invertebrates and
bacteria. Material lost to the deep sediments may be utilized by
anaerobic bacteria or not at all.
Most research on sedimentation rates in freshwater lakes has been
conducted to determine the type of material settling to the bottom
and the rate at which sedimentation is occurring. Molongoski and
Klug (1980) demonstrated that the quantity and quality of
particulate organic matter (POM) settling out is closely related to
the phytoplankton population dynamics. Other studies have shown
similar results (Gasith 1976, Johnson 1977, Lastein 1976). A large
portion of POM comes from zooplankton fecal pellets (Smayda 1969,
Moore 1931, in Smayda 1969, Steele and Baird 1972). Commonly, only
organic and inorganic portions of the total amount of material
collected in sediment traps are reported (Ravera and Viola 1977;
Gasith 1975, 1976; Lawacz 1969). Results of sedimentation studies
are reported as grams dry weight, grams ash-fee dry weight, or
grams carbon per unit time.
A common method used to determine sedimentation rates and quality
of sedimentation material is suspension of sedimentation traps at
various depths in the water column. A wide variety of traps have
been used, ranging from glass jars, plexiglass tubes, and a modified
Van Doren sampler (White and Wetzel 1972, Fuhs 1973, Scott and Miner
1935, Lastein 1976, Lawacz 1969, and Gasith 1975) to a 1-m 2 tray
(Kleerkoper 1952). The plexiglass tubes and glass jars are used
most often and are usually accompanied by reference containers for
determining amounts of attached and suspended material (White and
Wetzel 1972, Fuhs 1973). Also, Gasith (1975) has proposed a simple
calculation to correct for resuspended matter that makes estimates
of sedimention rates more accurate.
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This preliminary study was conducted to determine the sedimentation
rate in small, man-made experimental ponds and to determine the
relative proportion of organic and inorganic matter of the material
collected.
METHODS
This study was conducted in two ponds, one control (8) and one
stocked with hybrid carp (10), in a man-made 22 pond complex at the
Illinois Natural History Survey Annex. The ponds have a surface
area of approximately 700 m2 and a volume of 690 m3 . A total of
nine experiments were conducted between 17 May and 15 September
1982. Sediment traps were used to collect seston and reference
chambers were utilized to determine the amount of attached and
suspended materials. The traps and chambers were made of widemouth
quart mason jars and plexiglass (7.5-cm wide mouth x 11 cm high).
The jar bottoms are siliconed together with the plexiglass in
between. Four sets of traps and chambers were suspended in each of
the two ponds at 0.5 m below the surface for 5 days. In one
experiment, a second set of traps and chambers were suspended 0.5 m
above the pond sediment. The ratio of bottom to surface suspended
sediment collected in this experiment was used as a correction
factor in extrapolating whole pond sedimentation. At the end of the
5-day incubation period, lids were put on the traps and chambers and
transported to the lab for processing. The contents of each jar was
well agitated and filtered through a pre-dried glass fiber filter
(Gelman A/E). The filters were then dried at 105°C for 24 hours,
weighed, and ashed at 550°C for 1 hour to obtain dry and ash free
dry weight of samples, respectively (APHA et al. 1980). The
reference chamber material was subtracted from the sediment trap
material to account for the suspended and attached materials.
RESULTS AND DISCUSSION
The mean dry and ash free dry weights of sedimentation trap and
reference chamber contents for ponds 8 and 10 are given on Tables 1
and 2. Dry weight is equivalent to organic plus inorganic material
(seston) and ash-free dry weight is equivalent to particulate
organic matter only. Figure 1 and 2 show total seston and .total
organic matter for each sample date. Estimated total seasonal
sedimentation (2 June-10 September) from the water column (excluding
collapsing macrophytes) was 102 g dry weight m- 2 in pond 10 and 143
g dry weight m- 2 in pond 8.
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Overall, the data (Tables 1 and 2) agreed fairly well with data
collected by other investigators (Lawacz 1969, Gasith 1975, Gasith
1976). Some investigations have reported higher rates of
sedimentation than found here but that was partially due to the
depth of the traps and the type of trap being used (White and Wetzel
1973, Lastein 1976, Ravera and Viola 1977).
The amount of POM collected in the traps remained fairly stable
throughout the length of the experiment in Pond 8 whereas the amount
of POM in Pond 10 steadily increased from May through September. In
Pond 8 there was a notable increase in the amount of POM in the
traps on 25 August. This increase was likely the result of the
dieoff of a phytoplankton bloom previously observed in that pond.
Our data indicate that sedimentation rates in both ponds were
significantly correlated with lagged chlorophyll a concentrations
(Fig. 3). Correspondence between peaks in productivity and the rate
of sedimentation are commonly reported in the literature; peaks in
production are followed by an increase in the sedimentation rate as
planktonic organisms die and settle to the bottom (Molongoski and
Klug 1980, Lastein 19756, Charlton 1975, Gasith 1975, Gasith 1976).
Seasonally increasing sedimentation rates in Pond 10 may have been
related both to phytoplankton productivity and to the presence of
the hybrid carp. Both chlorophyll concentrations and carp fecal
production rates increased throughout the summer. Hybrid carp feed
directly on the aquatic macrophytes and excrete the undigested
portion of the plant material. Estimated fecal depositions in pond
10 based on laboratory feeding studies (see Chapter 2) was 46 g dry
weight m- 2 . This amount is equivalent to 41-46% of the total
measured sedimentation, suggesting that the hybrids are
significantly altering normal sedimentary regimes.
Sedimentation studies should be continued to determine the seasonal
fluctuation in sedimentation rates in these ponds and to determine
the contribution of the hybrid carp, particularly at higher stocking
rates.
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Table 1. Dry and ash-free weight and percent organic matter of material
collected in traps (0.5 m depth) suspended in Pond 8. Each value (g m-2
day - 1 ) is the mean of four replicate traps.
Dry weight (DW), g day- 1
ash-free dry over whole DW/AFDW
Date weight (AFDW) g m- 2 day-1 pond bottom (% organic matter)
May 17 DW 0.254 182.5
AFDW - -
June 2 DW 0.333 239.4 83AFDW 0.278 199.6
June 20 DW 0.388 278.3 37AFDW 0.144 103.4
July 1 DW 0.458 328.6 41July 1 AFDW 0.186 133.9 41
July 29 DW 0.633 454.4 26AFDW 0.163 116.8
Aug 25 DW 2.798 2009.3 16Aug 25 AFDW 0.457 327.8 16
DW 1.358 974.8
g AFDW 0.273 195.9 20
Sept 10 DW 0.661 474.6 36AFDW 0.236 169.6
Sept 10* DW 0.994 914.0 34
AFDW 0.338 242.6
*These traps were suspended at 0.5 m above bottom sediments
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Table 2. Dry and ash-free dry weight and percent organic matter of material
collected in traps (0.5 m depth) suspended in Pond 10. Each value (g m- 2 day- 1 ) is
the mean of four replicate traps.
Dry weight (DW), g day-1
ash-free dry over whole DW/AFDW
Date weight (AFDW) g m- 2 day7l pond bottom (% organic matter)
May 17 DW 0.008 6.7AFDW
June 2 DW 0.115 91.1 35AFDW 0.040 31.5
June 20 DW 0.139 109.8AFDW 0.075 58.9 54
July 1 DW 0.125 98.8 37
AFDW 0.046 36.6
July 29 DW 0.292 230.8 39July 29 AFDW 0.114 90.2
Aug 25 DW 1.129 891.8Aug 25 AFDW 0.105 82.6
Aug 31 DW 1.598 1262.7 15
AFDW 0.237 187.5 15
Sept 15 DW 2.057 1624.7 19AFDW 0.386 305.3
Sept 15* DW 3.108 2454.9AFDW 0.489 386.4 16
*These traps were suspended at 0.5 m above bottom sediments.
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Figure 1. Total seston and total organic matter (g day-1)
settling in Pond 8 (control pond ) on eight dates in 1982. Each
point is a mean of four replicates. All collections were made 0.5 m
from the water surface except on the last date, when samples were
collected 0.5 m from the bottom also (last point).
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Figure 2. Total seston and total organic matter (g day -l)
settling in Pond 10 (carp pond ) on eight dates in 1982. Each point
is a mean of four replicates. All collections were made 0.5 m from
the water surface except on the last date, when samples were
collected 0.5 m from the bottom also (last point).
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Chapter 13
MICROBIAL GENERATION TIMES IN A SMALL POND IN ILLINOIS
by
Pamela P. Tazik and Robert W. Gorden
INTRODUCTION
Bacteria are an integral part of the freshwater aquatic ecosystem.
In order to understand their role and importance in the environment
we must understand their trophic and population dynamics as well as
how those relationships are affected by biotic and abiotic factors.
Growth rates, production, and survival of bacteria in nature have
been estimated using thymidine uptake and cell counts (Fuhrman and
Azam 1980, 1982), chemostat dilution (Jannasch 1977), frequency of
dividing cells (Hagstrom et al. 1979, Newell and Christian 1981,
Pedros-Alio and Brock 1982), optical density (Fliermans and Gorden
1977, Gorden and Fliermans 1978), and membrane filter chambers
(McFeters and Stuart 1972, Fliermans and Gorden 1977). The membrane
filter chambers were originally designed to study coliform bacteria
survival in natural and artificial waters (McFeters and Stuart 1972)
and since then have been modified (Fliermans and Gorden 1977) and
used for production and generation time studies.
The objective of this study was to determine generation time of
the heterotropic, aerobic bacterial populations in a pond ecosystem
using membrane filter chambers.
METHODS
This study was conducted on Pond 8 of the man-made 22 pond complex
at the Illinois Natural History Surve3 Annex. Pond 8 has a surface
area of 682 m2 and a volume of 695 m . A total of six experiments
were conducted between 19 May and 31 August 1982. In these
experiments, membrane filter chambers were utilized to determine the
generation time of the aquatic aerobic heterotrophic bacterial
populations. For a detailed description of the chambers see McFeters
and Stuart (1972).
The chambers and 90-mm (. 4 5-kpm pore size) millipore filter papers
were autoclaved prior to assembly. Stopcock grease was used around
the perimeter of the chambers to assure a good seal when assembled
with the filter paper. Each of three chambers were then placed in a
200-urn mesh nitex bag to be later suspended in the pond. The bags
served to protect the filter paper, similar to wire screen used by
Fliermans and Gorden (1977).
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A water column sample was then collected from the pond and filtered
through 5-jum metricel membrane filter (Gelman GA-1) to remove larger
organisms (zooplankton, phytoplankton, etc.). One ml of the
filtered water was then injected into each of the three chambers
with a sterile syringe. The chambers were then suspended in the
pond. A sample of the filtered pond water was used to estimate
initial bacterial number.
Subsamples of 1 ml were taken from the chambers at 24-hour intervals
for up to 4 days. At each subsampling, the chambers were agitated
slightly to help remove bacteria from the inner surface.
All initial samples and subsamples were pour plated on 1/2 strength
nutrient agar in duplicate at several appropriate dilutions. The
plates were incubated at 25°C for 7 days prior to enumeration.
Total numbers of bacteria were recorded as colony generating units
(CGU) ml - 1 water. A linear growth model was used in analyzing
these data.
RESULTS
Generation times increased with each successive sampling time
interval. The generation time in the 24-48 hour period (14.35
hours) is 5.5 times that of the 0-24 hour period (2.58 hours) and
during the 48-72 hour period generation time (24.73 hours) increases
60% over the previous interval (Table 1). The corresponding number
of CGU for each experiment are given in Table 2.
Bacteria within the chambers grew most rapidly during the first 24
hours (Table 2). Further increases in the CGU occurred less rapidly
during the second 24-hour interval and were slower yet during the
third period. In one instance (23 August) a decrease in CGU
occurred during the third 24-hour period.
CGU peaked at 1.8 x 105 ml-1 water. This number was higher than the
maximum (5.4 x 104) reached during regular monitoring studies
(Gorden et al. 1981, Gorden et al. 1982, unpublished data). This
difference may indicate that the carrying capacity of the water is
about 10 5 bacteria.
DISCUSSION
In the chambers, all organisms and particulate matter larger than 5
um were excluded via filtration and only water and dissolved
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nutrients passed through the filter paper of the chambers after they
were assembled, creating a unique situation for the bacteria.
Opportunity for reproduction by bacteria was limited only by
dissolved nutrient levels in the water and space.
After the first 24 hours space and/or nutrients may become
limiting. With no particulate matter in the chambers, growth and
reproduction are certainly limited since most aquatic bacteria rely
heavily on particulate matter for nutrients and substrate
(Pedros-Alio and Brock 1982, Paerl 1975). The surface area of the
chamber serves as substrate for attachment but not as a food
resource. The surface area of the chamber was probably utilized
quickly, creating a space limitation for those bacteria requiring
substrate for attachment. The space on the filter paper was
probably filled particularly rapidly since maximum water (and
nutrient) flow occurs at that point. Flow was probably reduced
during the course of any experiment due to bacterial attachment to
the filter paper surfaces. In future studies it would be
advantageous to develop a method to include particulate organic
matter within the chambers.
There are several possible explanations for the decrease in
bacterial numbers seen in the 48-72 hour period in the one
experiment. First, there may have been insufficient stopcock grease
to maintain a good seal so that pond water and predators entered the
chamber. Second, environmental conditions may have caused the death
of the bacteria. Crowding may have caused waste materials to
accumulate or some bacteria may have produced toxins that decreased
the total number of bacteria. Third, the decrease may have been due
to the subsample taken from the chamber. If the solution within the
chamber was not homogeneous, there could be discrepancies in the
number of bacteria in a subsample.
Temperature, pH, available nutrients and population levels of other
organisms are among those factors known to influence bacterial
growth rate or generation time. There is some controversy over
which factors are most important in controlling population levels.
J. G. Jones (1977) states that thermal stratification may play a
larger role in determining bacterial populations than algal
production. This is contrary to other research that implies that
bacterial populations are closely linked to algal productivity and
die off (Pedros-Alios and Brock 1982, Daft et al. 1975, Potaenko and
Mikheeva 1969, Nalewajko 1977, Drabkova 1965). In depth examination
of changes in environmental factors may show which are most
important in controlling bacterial populations in our study ponds.
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In spite of the recent criticism of the use of plate counts in
aquatic microbiology (Buck 1979), it was an appropriate technique to
use in this case. We were primarily interested in the change of
numbers of viable bacteria within the chambers and plate counts
serve that purpose. It would, however, be advantageous to
utilize direct counting procedures to obtain total bacterial
numbers. Those numbers, along with information on cell size or
volume, could be used with the generation time data to calculate
annual bacterial production in a manner similar to that of Hagstrom
et al. (1979). This information is needed to gain an understanding
of bacterial trophic and population dynamics. Presently techniques
are not available for detailed analysis of production data
(Pedros-Alio and Brock 1982), but with more in depth analysis of the
effect of biotic and abiotic factors on bacterial growth rate and
production as well as 'fine tuning' production estimates we will be
able to calculate and predict bacterial production under a variety
of conditions.
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Table 1. Generation times of bacteria in Pond 8 within given
24-hour intervals.
Time intervals (hours)
0-24 24-48 48-72
Date Chamber Hours Chamber Hours Chamber Hours
05/19/82 1
2
3
Mean
06/28/82 1
2
3
Mean
07/06/82 1
2
3
Mean
07/27/82 1
2
3
Mean
08/23/82 1
2
3
Mean
3.6
3.2
2.1
2.97
3.0
4.2
2.6
3.27
2.0
2.1
2.05
2.05
2.4
2.8
2.2
2.47
2.7
2.3
2.2
2.4
1 6.0
2 6.4
3 *
Mean 6.2
1 3.0
2 4.0
3 7.5
Mean 14.8
1 18.5
2 28.0
3 18.0
Mean 21.5
1
2
3
Mean
1
2
3
Mean
8.0
9.2
27.0
14.7
19.2
6.7
21.8
15.9
1 27.0
2 8.0
3 80.0
Mean 38.3
1 6.0
2 15.5
3 10.0
Mean 10.5
1 *
2 *
3 26.6
Mean 26.6
08/31/82 1 2.4
2 2.26
3 2.37
Mean 2.34
Mean 2.58
1 46.0
2 9.23
3 5.45
Mean 20.23
14.35
14.35 24.73
*These numbers show no increase
no calculations were performed.
from previous time interval, therefore,
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24.73
Table 2. Numbers of bacteria (XI02) obtained at each
subsampling during six experiments to determine generation time.
Time interval (hours)
Date Chamber 0-24 24-48 48-72
05/19/82 Initial=2.00
1 10.05 173.25
2 18.57 241.0
3 334.00 300.0*
Mean 120.87 238.08
06/28/82 Initial=7.12
1 95.0 168.0 307.50
2 20.8 1300.0 6300.0
3 178.0 2020.0 2250.0
Mean 97.93 1162.67 29ý2.5
07/06/82 Initial=1.83
1 520.0 1330.0
2 264.0 485.0
3 330.5 780.0
Mean 371.5 865.0
07/27/82 Initial=1.0
1 55.0 383.33 7000.0
2 17.67 115.00 353.33
3 87.00 163.33 787.50
Mean 159.67 661.66 2713.60
08/23/82 Initial=7.50
1 213.33 463.33 350.0*
2 555.00 7150.0 720.0*
3 740.0 1750.0 3300.0
Mean 501.11 3121.11 1456.67*
08/31/82 Initial=13.26
1 660.0 1000.0
2 900.0 6500.0
3 725.0 17600.0
Mean 761.67 8366.67
Mean 317.72 2329.0 2374.26**
*The number shows no increase from previous time interval.
**All chambers were involved in this mean.
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Chapter 14
PROBLEM AQUATIC MACROPHYTES IN ILLINOIS: A SURVEY
by
Pamela P. Tazik
INTRODUCTION
In order to gather information about aquatic macrophyte problems in
Illinois, a questionnaire was prepared and distributed to all
Department of Conservation District Fisheries Biologists. The
information obtained from that survey is summarized here.
RESULTS
In many fisheries districts there are a large number of nuisance
aquatic macrophyte species, but in most cases five or fewer species
pose the majority of problems. Shaded districts on the following
maps indicate that the species is a nuisance (Fig. 1). The species
may be abundant in a limited number of lakes, widespread throughout
the district, and/or difficult to control with available chemicals.
Other than chemicals the only control methods commonly used in
Illinois are mechanical harvesting and fertilization. Fertilization
is used in the extreme southern districts (16-18) and mechanical
harvesting is used primarily by private owners and organizations.
From the information obtained on the questionnaire and from
conversations with fisheries biologists, Elodea canadensis, Chara
spp., Myriophyllum spp. and Lemna spp. are the most difficult
aquatic macrophytes to control with available methods. Some of
these species can be controlled with herbicides but the cost is
prohibitive. Potamogeton crispus, P. pectinatus, and Najas
guadalupensis are also problem species in particular districts.
Overall, the most abundant species were Myriophyllum spp.,
Ceratophyllum demersum, E. canadensis, P. pectinatus, N. minor, and
N. guadalupensis.
DISCUSSION AND RECOMMENDATION
There are several aquatic macrophytes that are clearly problematic
in Illinois. Chemical applications are at best temporarily
successful; at times they are only partially successful, not
successful at all, or prohibitively expensive (Table 1). A
hierarchical cohort production method was utilized during this
segment to obtain life cycles and production information on
Potamogeton crispus, Naias minor and N. flexilis. This method
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should be used to obtain production data on other key problem
species in Illinois. Based on the results of this questionnaire, we
recommend that in Segment 4 we obtain similar data for Ceratophyllum
demersum, Elodea canadensis, N. guadalupensis and P. pectinatus.
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Table 1. Problematic aquatic
treatment in Illinois
Aquatic Plant Treatment Time
Algae May/June
Ceratophyllum demersum
Chara spp.
Elodea canadensis
Jussiaia repens
Lemna spp.
Mvriophyllum spp.
Naias guadalupensis
Naias minor
Nelumbo lutea
Potauo eton crispus
Potamogeton foliosus
Potamogeton pectinatus
Potamogeton pusillus
Tvpha spp.
Fassichellia palustris
plants and the current chemical
June
May/June
June
June-July
May and/or August
May/June
June/July
June
June/July
June
June
May/June
June
May
June
Chemical Used
Aquazine
Hydrothol 47
Aquathol-K
Cooper sulfate
Cutrine Plus
Diquat
Aquazine
2,4-D
Diquat
Aquathol-K
Aquazine
Hydrothol 47
Aquathol-K
Aquazine
Diquat
Diquat
Aquathol-K
2,4-D
Hydrothol 47
Cutrine Plus
Aquathol-K
Aquazine
Diquat
Aquathol-K
Aquathol-K
Diquat
Aquazine
Diquat
Aquathol-K
Diquat
2,4-D ester
Aquathol-K
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Level of
Success
good/fair
good/fair
good
good/poor
good
good/poor
good/fair
good/poor
good
good
good/fair
good
good/fair
good
poor
good
Ceratophyllum demersum
Coontail
Elodea canadensis
American elodea
Lemna spp.
Duckweed
Figure 1. Aquatic macrophytes in Illinois that have reached
nuisance proportions. Shaded areas indicate those districts where
the plant is problematic.
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Algae Chara
Myriophyllum spp.
Water milfoil
Nelumbo lutea
American lotus
Najas guadalupensis
Southern naiad
Nuphar advena
Spatterdock
Najas minor
Brittle naiad
Potamogeton crispus
Curlyleaf pondweed
Figure 1 (cont.)
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Potamogeton foliosus
Leafy pondweed
Potamogeton illinoensis
Illinois pondweed
Potamogeton pectinatus
Sago pondweed
13 16
G 17
Potamogeton pusillus
Small pondweed
Typha spp.
Cattail
13 16
18 17
Figure 1 (cont.)
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